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high-pressure fuel and oxidizer turbopumps for the Space Shuttle Main Engine (SSME). This document
presents the results of the HPOTP rotordynamic baseline and parametric analyses.

The analyses presented in this report include both detailed parametric sensitivity studies, in combination
with a thorough baseline analysis. The sensitivity studies quantified the impact extreme input parameter
variations would have on rotordynamic response. Taguchi statistical methods were utiliTed throughout
the report to accomplish these goals.

The following conclusions are supported from the results of this analysis:

a. The ATD HPOTP has 2X critical speed margin relative to the fundamental rotor bending mode
(i.e., satisfy 20% DVS criteria).

b. Subcritical operation is predicted for baseline conditions and nonlinear tolerances, including bearing
deadband. The first rotor mode is predicted to occur at 30,000 RPM (124% of FPL).

c. The ATD HPOTP has adequate rotordynamic stability margin from both linear and nonlinear
studies (OSI exceeds 40K RPM with 0.24 LOG-DEC value at 109% RPL).

d. Acceptable housing accelerations and bearing loads are predicted.

e. All DVS rotordynamic criteria are satisfied.
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1.0 INTRODUCTION

The following documents the SSME ATD HPOTP rotordynamic analyses. This document

includes critical speed, stability and forced response due to excitation forces. The models

include both rotor and housing dynamics and are intended to replicate the ATD HPOTP

production configuration.

Data from several disciplines within Pratt and Whitney were utilized in support of this effort.

The most recent verified values from these various groups were used. Where possible

these values have been correlated to actual SSME ATD HPOTP test data. The ATE) HPOTP

has completed several tests up to 111% RPL with LOX cryogen (118% with LN2 cryogen)

giving confidence in these values.

Results from a thorough rotordynamic baseline analysis are presented in this document. In

addition, a Taguchi parametric sensitivity study was also conducted. NASA/MSFC and Pratt

and Whitney rotordynamics jointly developed the study plan including both the significant

rotordynamic boundary condition variables and the ranges examined. The parametric

sensitivity study consisted of two parts: (1) a boundary condition sensitivity study and (2)

rotordynamic sensitivity study. The extreme values from the boundary condition studies

were utilized in the rotordynamic sensitivity study. Detailed results from both parts of the

parametric sensitivity study are included in this report.

INTRODUCTION 1
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2.0 METHODS

Analytical and procedural methods are presented for the BOUNDARY CONDITIONS

ANALYSES, ROTORDYNAMIC ANALYSES, and STATISTICAL METHODS used for assessing

parameter input influences and combining the parameter inputs for presenting minimum,

nominal and maximum conditions for the range of input variations considered.

METHODS 2



2.1 Boundary Conditions
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2.1.1 Aeromechanical Force Coefficients

A destabilizing force is generated on the turbine wheel due to changing blade tip clearance

and changing efficiency of the blade to extract work as the rotor whirls ( Reference 4. on

page 131 ). This force is speed dependent as torque varies with speed. The force direction

illustrated in Figure 3 is the same as the whirl velocity. Thus, the force contributes only a

cross-coupled stiffness term and has no effect on critical speed.

The destabilizing force is expressed by;

87
(1.0)

where: T = Turbine Torque

Dp = Blade Pitch Diameter

H = Blade Height

= Coefficient of change in turbine efficiency

HOUS.  --/

Figure 3. Aeromechanical Force Diagram: Destabilizing force is in direction of Whirl

METHODS 3
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2.1.2 Hydromechanical Force Coefficients

Dynamic forces generated by turbopump impeller-diffusers are modeled in equation (2.0).

This model is the result of NASA funded research and testing by the California Institute of

Technology.

(2.0)

C = rcpbR 2 (2.1)

where; p = fluid density

b = fluid exit width (axial)

R = fluid exit radius

w = rotor spin speed

The nondimensional test data of Reference 5. on page 131. Table 1, is symmetric, which

allows the simplified model of equation 2.0.

Thus,

K = (Kxx + Kyy)l 2

C = (Cxx + Cyy)I 2

M = (Mxx + Myy)/2

k = (Kyx + Kxy)l 2

c = (Cyx 4- Cxy)l 2

m = (Myx + Mxy)/2

(2.2)

The nondimensional force coefficients of Reference 5. on page 131 have been

dimentionalized by the model of equation 2.0. with force directions illustrated in Figure 4 on

page 5. The direct stiffness coefficient "K" is negative and has the effect of reducing the

critical speed. The cross-coupled stiffness coefficient "k" causes a force in the same

direction as rotor whirl and is destabilizing? The direct damping coefficient "C" acts as a

whirl restoring force in the opposite direction as "k" and is stabilizing. These last two terms,

"k" and "C" can be equated in a general term to scale the relative effectiveness of stability.

This "whirl ratio" is expressed as, k/C_.

The cross-coupled nondimensional force coefficient "k" from Reference 5. on page 131 has been multiplied

by 2x in this report, based on the results of Dr. Dara Childs' previous Rocketdyne studies.

METHODS 4
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I

Figure 4. Hydromechanicel Force Diagram

2.1.3 Structural Damping

Structure damping provides a constant energy dissipation per cycle of oscillation.

Rocketdyne modal test showed casing modes to have about 3% to 6% equivalent viscous

damping and the rotor modes to have about 0.6% ( Reference 3. on page 131 ). Based on

this information and Pratt & Whitney studies of the XLR129 & 350K high pressure turbopump,

a nominal critical damping ratio of 3% was used for housing structural damping and 0.6%

for the rotor.

2.1.4 Damper Seal Coefficients

A damper seal program developed by Dr. Dara Childs (Texas A&M) is used to define

dynamic coefficients of high pressure annular seals. The program is capable of modeling

annular seal geometry, flow properties and surface treatments. The solution procedure

allows tapered clearances and different surface-roughness treatment on the stator or rotor

seal elements. Output includes seal direct and cross-coupled stiffness, direct and

cross-coupled damping and direct inertia.

METHODS $



2.1.5 Gas Labyrinth Seals
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Calculations for labyrinth seal coefficients of the turbine interstage seals and interpropetlant

seals, were made with codes from Dr. Dara Childs (Turbomachinery Laboratories, Texas

A&M) and are based on Scharrer's analysis ( Reference 10. on page 131 ).

2.1.6 Component Side Loads

Static rotor side loads are used for the nonlinear analysis which include impeller and turbine

component side loads. Circumferential pressure gradients are created from discharge

hardware asymmetry, resulting in static load vectors. The impeller and turbine component

side loads have been substantiated by hydromechanical and aeromechanical f;ow rigs within

the Mechanical Component Design Group( 12. on page 132 ).

METHODS 6



2.1.7 Bearing Radial Dynamic Stiffness
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Ball bearing load-deflection plots are generated using "Jones V" rigid ring analysis program

based on formulation by A. B. Jones. The ball bearing model includes the outer race, balls

and inner race. Effects of bearing carrier and back-up support are not included in the ball

bearing springrate calculations.

Roller bearing load-deflection plots are generated using a flexible ring version; Jones IV.

The roller bearing model includes the outer race, rollers and inner race. A thin shell theory

is used for influence coefficients of the bearing race support.

Traditional A. B. Jones results for radial bearing springrates are defined by the slope of the

tangent for a given radial load on the load-deflection curve ( Figure 5 ). Pratt & Whitney

experience has shown that the tangent springrate theory over estimates actual dynamic

springrates by approximately 50% for ball bearings with loads similar to the ATD application.

More accurate results are obtained using the effective or secant slope on the load-deflection

curve shown in ( Figure 5 ).

Bearing springrates for the SSME ATD turbopumps have been calculated using the secant

method. Springrates are calculated vs speed using the resultant static side loads. Bearing

parameters used in the bearing stiffness calculation do not include deadband clearance but

are included later in the nonlinear analysis.

Figure 5.

Load
Deflection Curve

(A.B. Jones Anat,/ _.

s..==,t ///
== Slope _ /

.J // T,_.,Q,,t
/ //-,--- =io1_

// Springrate

Radial Deflection

A.B. Jones Bearing Springrate Diagram: Load-Deflection Curve using secant method for

prediction of bearing stiffness for a given radial load,

DR_INAL PAGE IS
OF POOR QUALITY
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2.1.8 Rotor Imbalance
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Eccentric mass distribution is a major source of synchronous rotor excitation for the forced

response analyses. This mass imbalance has been calculated for analytical input to simulate

actual detail part, subassembly and full assembly imbalance. A 2X increase in the pump

subassembly imbalance is added to provide conservative margins for reassembly residual

and 'hydraulic imbalance'.

The rotor imbalance distribution used in the rotordynamic forced response analysis is

tabulated in Table 1 on page 9. The distribution is constructed in two parts; pump and

turbine subassembly, to simulate the actual hardware assembly procedures. The pump

subassembly mass distribution is assumed to have worse case eccentricity of 0.0005 inch.

The sum is distributed at location 2, 3 & 5 of Figure 6 on page 9. Corrections are made in

stations 1 & 4 (Pump subassembly correction planes) to simulate the rotor after balance

correction procedures, and residual moment imbalances. The original imbalance is again

distributed at stations 2.3 & 5 (2X) to account for reassembly residual imbalance. Actual

reassembly imbalance measurements have been approximately 1/3 of the analytical values

of this distribution.

Turbine imbalance is significantly less than pump imbalance, as the turbine disk is integral

with the shaft and rotor journals and is mass corrected at the detail part level. The imbalance

distribution for the turbine subassembly represents the turbine blades, interstage seals and

accompanying attachment parts. Actual reassembly imbalance measurements are 0.01-0.03

oz-i n.

METHODS 8
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Figure 6.

m

Preburner

Impeller

Main

Stage

Impeller

Rotor Imbalance Distribution Diagram

Turbine

Axial Angular
Rotor Imbalance

Location Phase
Location Station (oz-in)

(inch) (degrees)

1 02 0.880 0.051 180

2 05 2. 430 O.174 0

3 15 8.670 0.442 0

4 16 9.390 0.311 180

5 26 15.150 0.054 0

6 39 22.290 0,025 0

Table 1. Rotor Imbalance Distribution
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2.2 Rotordynamic Analyses
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2.2.1 Critical Speeds

Critical speeds are defined as rotational speeds of the rotor which are coincident with one

of the natural vibratory modes of the rotor system. A critical speed analysis yields both the

speed (frequency) of the coincidence and the normalized mode shapes of the rotor system.

Classical critical speed analysis involves solving an Eigenvalue problem. Pratt and Whitney
conducts classical critical speed analyses using a transfer matrix approach to define the

state variable matrices and then an iterative process to solve the determinant. The critical

speed analysis utilizes only the direct stiffness component of the rotor interface coefficients

(i.e., no inertia, damping or cross-coupled stiffness terms).

Once the determinant search is completed and the critical speed is known, normalized mode

shapes can be extracted from the displacement state variables. These mode shapes yield

insight into the relative rotor to housing motion, however since this is an Eigenvalue

analysis, only relative deflections are resolved.

2.2.2 Linear Stability

A rotor system is said to be stable when following a small disturbance, the system response
tends to return to its equilibrium position. The means of quantifying the stability margin of

a system vary, however all relate to a measure of the system's relative damping. Some of

the more popular quantifiers include: OSI (Onset Speed of Instability), LOG-DEC (logarithmic

decrement), or critical damping ratio.

The linear stability analysis conducted on the ATD HPTP's involve a complex Eigenvalue

analysis: the complex part contains frequency information, while the real part contains
system damping information. The analysis was conducted using Pratt and Whitney's

CANCER code, developed by Dr. Dara Childs. This analysis utilized all rotordynamic

boundary condition coefficients (i.e, direct and cross-coupled damping, stiffness and inertia)

and constant modal damping for the housing modes.

The stability analysis results are presented in terms of LOG-DEC; the decay rate of the

system. Since the rotordynamic coefficients vary with speed, the stability results are

presented as a function of speed. Also, recall the stability of a given mode is independent
of the other modes and therefore the LOG-DEC value describes only a specific mode. For

completeness additional analyses were conducted to determine the OSI.

2.2.3 Forced Response

Forced response analysis is the response of the rotor system to rotor unbalance. The output

includes bearing loads, rotor to housing deflection, and housing acceleration levels.

Experience gained from the current Rocketdyne SSME HPTP's has shown HPTP

rotordynamic response is potentially sensitive to certain nonlinear aspects. For this reason,

forced response analyses documented in this report include nonlinear effects.

METHODS 10
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The analysis was conducted using Pratt and Whitney's nonlinear CANCER code, developed

by Dr. Data Childs. The code accounts for both bearing deadband and static side loads; the

two significant rotordynamic nonlinear interactions. Pratt and Whitney's nonlinear code is

incapable of modeling inertia terms. In order to compensate for this deficiency, cross-couple

damping terms were compensated.

The accuracy of the nonlinear model was confirmed by deleting the bearing deadband and

static side loads (nonlinearities) and comparing the results with the linear model. The

nonlinear model utilized a ramp rate of 100000 rpm/sec (w/20000 integration points) to avoid

numerical instability yet adequately excite the rotor. This ramp rate is not intended to

duplicate the ramp rate of the SSME. Comparisons of the linear and linearized nonlinear

model showed good agreement.

METHODS ! I



2.3 Design of Experiments (Taguchi Methods)
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A statistical technique was used for 1) assessing input parameter sensitivities and 2}

calculating parameter combinations to produce minimum and maximum outputs. The

technique is commonly used in manufacturing applications to make multiple parameter

variations simultaneously, in a symmetric setup of a limited amount of experiments or runs.
Data can then be extracted from the matrix of each parameter to calculate a "response

table". An optimum combination is then found and represents the "Paper Champ" minimum
and/or maximum output value. Confirmation test or runs are then made to verify the

findings. These methods allow identification of individual parameter sensitivities, optimum

values, and parameter interactions that may not be found with "on-at-a-time" parameter

variation methods and greatly reduces the labor involved.

A simplified example is presented in Appendix B of a static stress calculation for a fixed

beam with option length, Toad angle, thickness and width. Stress is calculated at the base

of the beam, with the goal of minimizing the principal value. Input parameter are considered

that have or thought to have an influence on the stress. These "factors" are tabulated with

their allowable variations (e.g. Load Angle, by design, may vary from 30 to 45 degrees, etc).

Even if little is known about a parameter influence, it can be added to the test matrix. Color

is added in this example for illustration purposes, as it obviously has no influence on stress.
Six factors are identified with two level variation.

This matrix would require 128 calculations (or measurements) to examine every combination

of input values and identify the minimum stress (ignoring other methods of calculating
minimum stress for this simple example). Using a L8 array to make multiple parameter

variation in a symmetrical matrix, similar data can be extracted making only eight test runs

and one confirmation run.

Eight calculations are made with the specified parameter levels given by the array (note, one

other parameter could have been chosen as "G"). The response table is then tabulated from

the array to give parameter sensitivity. Delta values are used to assess a parameter

influence to the output (i.e. stress). General grouping can be assessed in "Rate the

Performance" and helps to highlight the influential parameters. As can be seen in the
evaluation of "color", some data noise is calculated, but when compared to the performance

of the other parameters, it can supply useful information. In this case, cotor was the least

influential, so it is assessed as "Not Important".

Combinations are then tabulated to produce the minimum stress or maximum stress if it

were desired. In this example, level 2 for parameter "A" (Load Angle), level 1 for parameter

"B" (Length L1), etc, are predicted to produce the minimum stress. This is the "Paper

Champ". Aconfirmation run is then made to verify the prediction. Notice that from the test

matrix, a spread of 17 KSI to 102 KSI was calculated. Using the "Paper Champ", the minimum
stress was found as 10 KSI.

METHODS 12
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3.0 MODEL DESCRIPTION

The mass-elastic models for the rotor have been substantiated with a modal lab test in

Reference 1. on page 131. The mass-elastic models for the housing have been calibrated

with structural finite element models for definition of stiffness characteristics and weight

audits for definition of mass terms including mass/inertia for the preburner housing}

3.1 System Model

The rotor assembly and housing assembly rotordynamic modet is constructed from simple

geometric shapes as illustrated, for the rotor in Figure 8 on page 15. These "geometry

codes" are reduced to a system of discretized masses connected by massless beams. The

masses have inertia properties while the beams have both bending and shear flexibilities.

The remainder of the assembly not represented by these codes are included as mass/inertia

terms without any stiffness contributions.

The natural frequency modes from these models are generated and are connected using

serial connections (boundary conditions) for later calculation of the system modes. A stick

diagram is illustrated in Figure 7 with tabulated axial locations in Table 2 on page 14 to

show the relative boundary condition 'connect points' with the rotor and housing models.

(PUMP)

1

///:'
,/

System Model Stick Diagram:Figure 7.

ROTOR

HOUSING

(TU'RBrNE)

/11///

Rotor and Housing models, including preburner housing mass/

inertia with connecting boundary condition locations.

z Substantiation of the housing model with modal lab test is pending execution of the test.

MODEL DESCRIPTION 13
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Index

Boundary Condition Connection Data

Station Number
Axial

Boundary Condition

Prebumer Impeller

Location

1.596 in

Rotor

2 Four Tooth Labyrinth Seal 2.330 in

3 Damper Seal 2.453 in 8 10

4 Ball Bearing 3.816 in 13 13

5 Main Stage Impeller 9.394 in 38 22

16563 in

Primary H2 Labyrinth Seal, Secondary

H2 Labyrinth Seal, Primary LO2

Labyrinth Seal

7O

Housing

04

07

33

7 Roller Bearing 20.237 in 87 36

8 Turbine 2-3 Interstage Labyrinth 21.673 in 94 39

9 Turbine C.G. 22.299 in 96 42

10 Turbine 1-2 Interstage Labyrinth 22.897 in 99 44

11 Preburner Inlet Plumbing 0.0 in N/A 01

12 Preburner Discharge Plumbing 1.3 N/A 02

13 Pump I/D Plumbing 9.578 in N/A 23

14 Turbopump Mount 28.341 in N/A 48

Table 2. System Model Boundary Condition Locations.

MODEL DESCRIPTION 14



3.2. Rotor Model
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The rotor model of Unit 1-1 design has been substantiated with laboratory modal analysis

( Reference 1. on page 131 ). The model used in this report has been updated to represent

the latest rotor design based on Unit 4-1 which includes the preburner impeller 'nut' spacer.

This spacer extends the outer load path in the rotor stack for increased rotor stiffness as a

result of ATD test development. There is essentially no change in rotor weight. Thus, the

total rotor weight of Unit 1-1 and Unit 4-1 design are equal, but have different stiffness

characteristics. Rotor weight of Unit 4-1 is itemized in Table 4 on page 16. The full rotor

mass-normalized data for free-free modes of Unit 4-1 rotor design are included in Appendix

C with mode shapes shown in Figure 9 on page 17thru Figure 11 on page 19. Asummary

of the rotor free-free natural frequencies are included in Table 3.

Unit 4-1 Design Rotor Model, Free-Free
Modes

Mode Frequency

1st Bending 490 Hz

2nd Bending 1040 Hz

3rd Bending 2000 Hz

Note: Total Rotor Weight = 106 Ibm

Table 3. 'Unit 4-1 Design' Rotor Model,

Free-Free Modes: Operating

temperature material properties

Figure 8. 'Unit 4-1 Design' Rotor Model: Includes preburner impeller "nut" spacer

MODEL DESCRIPTION 15



Part PartDescription
#

Main Stage Impeller4750335

4750018

4750019

4750020

Pump Side Inducer

Turbine Side Inducer

Pump Side K,rE Seal

4750338 Preburner ImpeUer

4750088 Spacer

4750101 1st Stage Tttrbme Blades

4750102

4750103

4750420

4750421

4750110

4750428

4750144

4750146

4750147

4750154

Pratt &Whitney
FR 20730-27

4750646

4750156

4750163

4750165

4750167

4750108

4750173

4750174

4750203

4750204

4750205

4750206

4750339

ATD03141

4750210

4750212

4750198

4750426

4750430

ATD04710

rOTALS

2ad Stage Turbine Blades

3rd Stage TurbmeBlades

Tie Rod

Lock

Lock

Bumper Ball Bearing Inner Race

LOX _ Seal

2nd H2 K./ESeal

Primary H2 K/E Seal

Weight Igyro

15.6500 20.1992

TurbineDisk Seal

3.1500 12.3878

3.1000 11.1599

0.3590 0.2241

10.1000 10.0630

0.0390 0.0003

2.2OOO

2.3263

2.7000

0.2700

0.0037

0.0300

0.4870

0.8470

0.7560

1.3050

23.5726

25.5909

30.2516

0.1525

0.0003

0.0000

0.4784

0.8320

0.7143

1.1971

Spacer 0.4087 0.5090

Speed Pickup Nut 0.3340 0.2712

Washer 0.0220 0.0000

Converter 0.8310 0.9770

Roller Bearing Spring 0.1870 0.2317

0.6990 12744

Roller Bearing Inner Race 0.9470 1.0956

Tuzbme Side Spacer 0.0560 0.0046

Bumper Ball Spacer 0.0340 0.0387

Turbine 1-2 Spacer 1.6070 14.5217

Turbine 2-3 Spacer 1.6000 14-5217

Retainer 0.6200 5.4440

0.0840 0.0003Snap Ring

Shaft/ Disk Assembly 51.1000 198.8835

Bumper Ball Sleeve 0.4413 0.3542

Retaining Nut 0.4510 0.1780

Bore Tube Assembly 1.0600 0.00013

Sleeve 0.7140 0-5567

1/2 Ball Bearing 0.5880 0.5736

1/2 Ball Bearing 0.7600 0.7261

0.1144 0.0520Preburaer Impeller Nut Spacer

105.9813

Table 4. 'Unit 4-1 Rotor Design' Weight: Total - 108 Ibm.

377.0374

MODEL DESCRIPTION 16
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Figure 9. Rotor Free-Free Mode 1: 1st Lateral Bending Mode
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Figure 10. Rotor Free-Free Mode 2: 2nd Lateral Bending Mode
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Figure 11. Rotor Free-Free Mode 3: 3rd Lateral BendingMode
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3.3 Housing Mode/

The mass-elastic models for the housing have been calibrated with structural finite element

models for definition of stiffness characteristics. Weight audits of the housing and

mass/inertia data of the preburner housing from Rocketdyne ( Reference 6. on page 131 )

provided definition of mass terms. Housing weight of Unil 4-1 is itemized in Table 6on page

24 thru Table 8 on page 26. Component modes are generated in two orthogonal planes X-Z

and Y-Z as a result of the housing asymmetric mount. The mass-normalized data for lateral

component housing modes are included in Appendix O with modes shapes shown in

Figure 15 on page 27 thru Figure 18 on page 30. A summary of the housing mode

frequencies are included in Table 5.

Component Housing Model Modes

Frequency

Mode
X-Z Plane Y-Z Plane

1 164 Hz 14,5 Hz

2 361 Hz 2At) Hz

3 718 Hz 694 HZ

4 1197 Hz 1197 Hz

Note: Total Housing Model Weighl = 893

Ibm

Table 5. Housing Model Modes: Operalina

temperature malerinl prol)erlies

_vlODEI, l) F_J(?R! I"I'ION
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Figure 12. Housing Part Reference (Pump-End)
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Figure 13. Housing Part Reference (Mid-Pump)
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Figure 14. Housing Part Reference (Turbine-End)
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Table 6. Housing Weights (part items 1.14)
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Table 7. Housing Weights (part items 15.41)

MODEL DESCRIPTION 25



Pratt & 'vVhitnev

FR 20730-2:1

Table 8. Housing Weights (miscellaneous parts)
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Figure lS. Component Housing Mode 1: Rigid Body (Pitch)
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Figure 16. Component Housing Mode 2: Rigid Body (Bounce)
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Figure 17. Component Housing Mode 3: 1st Lateral Bending
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Figure 18. Component Housing Mode 4: 2nd Lateral Bending
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4.0 BASELINE RESULTS
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4.1 Boundary Conditions
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The following BASELINE results are calculated as discussed in the METHODS section of 3.0.

Nominal des!gn values were used for inputs such as performance parameters, dimensional

tolerances, etc. These rotor to housing boundary condition results are summarized for three

power level settings and are used in the BASELINE ROTORDYNAMIC ANALYSES. Locations

of the boundary conditions are illustrated in Figure 19 where applicable. Full documentation

of the boundary conditions vs speed are included in the section 5.0.

DAMPER INTERPROPELLANT
SEAL LABY SEALS

BALL
FOUR BEARING

TOOTH
LABY

HYDROMECHANICAL

Figure 19. Boundary Condition Locations

TURBINE
LABY SEALS

AEROMECHANICAL

ROLLER
BEARING
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4.1.1 Speed Profile
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FR 20730-27

The speed profile used in this report is based on performance model PBM90A Configuration

0291.P. Dynamic coefficients are summarized for 65%, 90% and 109% RPL of this speed

profile when plotting coefficients vs speed.

POWER

LEVEL

SPEED

(RPM)

SPEED PROFILE

50%

14,059

65%

(MPL)

16,818

90%

21,115

100%

(RPL)

22,770

109%

(FPL

24,230

115%

25,153

Note: RPL = 100% PL(470 Klbs vacuum thrust; 375 Klbs sea level).

Table 9. Speed Profile Summary

_0 12 14 16

HPOTP SPEED PROFILE

uODEL: PBMgoA 0291.P FIT ST
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o_- ==!:_=t=-:-_=---_-:+-F :-t:--_=_----_-:i_-_=_--......t
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24 26 2B _3018 20 22
ROTOR SPEED (KRPU)

Figure 20. Speed Profile
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4.1.2 Aeromechanical Force Coefficients
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Cross Coupled Stiffness (K,_) is calculated from the model illustrated in equation 1.0 of

Section 2.1.1. for each of the three turbine stages. The results of each stage are summed as

a single parameter and applied at the Turbine CG. Results are summarized below for 65%,

90% and 109% RPL.

STAGE
Blade
Pitch
Dla.

(Inch)

9.940

Blade

Height
(inch)

0.555

INPUT DATA OUTPUT DATA

Stage Torque (ft-lb)

65%
RPL

850

2 10.050 0.665 850

3 10.208 0.823 650

Total - - 2725

90%
RPL

1400

1400

1400

4500

109%
RPL

1890

1890

1890

6075

Cross Coupled Stiffness
(Ibf/in)

65%
RPL RPL

1825 3025

15O0 25OO

1200 2000

4525

90% 109%
RPL

4100

3375

2700

7525 10175

Note: Beta = 1.0

Table 10. Aeromechanical Force Coefficients: Total parameter value is apptied at turbine C.G.
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4.1.3 Hydromechanicai Force Coefficients

Direct and Cross Coupled stiffness, damping and inertia terms are calculated from the model

illustrated in equation 2.0 of Section 2.1.2. for the preburner and main stage impeller. Results

are summarized for 65%, 90% and 109% RPL.

Stage

Preburner

fmpeller

Main

Impeller

Impeller
Tip

Radius
(inch)

3.190

3.850

Input Data

Impeller Fluid

Exit Power Density
Chord Level ibmlft_
(inch)

65% 71.32

0.150 90% 71.49

109% 71.81

65% 71.15

0.830 90% 71.22

Kl, lr

Iblin

-4464

Output Data

K,_ C,-, C,_
Ib/In Ib-s/in Ib-s/In

2694 3.0 7.7

-7036 4247 3.8 9.7

-9265 5592 4.3 11.1

-35443 21332 24.0 61.0

-557101 33625 30.0 76.8

M_ Mr,,
Ib.s2lin Ib.s2/in

0.003 0.0004

0.003 0.0004

0.003 0.0004

0.020 0.003

0.020 0.003

109% 71.39 -733601 44278 34.5 88.1 0.020 0.003

Note: 1) Whirl Ratio = 0.50 2) Normalized Empirical Coefficients; Kxx=-2.80, Kxy =1.69,

Cxx = 3.33, Cxy--8.53, Mxx= 5.50, Mxy= 0.74.

Table 11. Hydromechanicel Force Coefficients
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4.1.4 Damper Seal Coefficients
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Direct and Cross Coupled stiffness, damping and inertia terms are calculated from Childs'

analysis code( Reference 8. on page 131 and 9. on page 131 ). Results are summarized for

65%, 90% and 109% RPL.

i

Stator Holes Hirs" Coeff
Seal Seal Dia.

Length (inch) Depth
(inch) Dia. (in) (in) No. Rotor Stator

M, = -0.0980 M, = -O.0433
0.656 3.810 0.052 0.015 935

N,= +0.0191 N,= +0.0312

Note: Inlet Loss Coefficient = 0.1

Table 12, Damper Seal Detail:

Power
Level

65%

90%

109%

Input Data

Delta Clearance (in)
Press

(psi) Inlet Exit

15OO 0.0080 0.0055

2900 0.0075 0.0050

4400 0.0070 0.0045

Viscosity Density
Ibm/It _

(Ibm/s-ft)

0.87E-4 65.9

0.83E-4 65.3

0.81E-4 65.0

Note: Inlet Tangential Velocity Ratio = 0.3

K_r K_y
Iblin Ib/in

170E3 26E3

363E3 5OE3

610E3 77E3

Output Data

C_ C_ M,
Ib-s/in Ib-stin Ib-s21in

55 1.83 0.75

63 2.46 0.81

112 3.07 0.89

Table 13, Damper Seal Input/Output:
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4.1.5 Labyrinth Seals

Baseline dynamic coefficient calculation are included for the gas labyrinth seals listed and

illustrated below,

1. Interpropellant Seal Package

a. GOX

b. Secondary Hydrogen

c. Primary Hydrogen

2. Turbine Interstage

a. Stage 1-2

b. Stage 2-3

3. Preburner Impeller 4-Tooth Seal

Figure 21. Interpropellant Labyrinth Se=l Locations
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4.1.5.1

Seal

C

/nterprope//ant Sea/s

Clearance

(inch)

0.004

0.004

0.004

Radius

(inch)

1.710

1.680

1.710

Tooth

Height
(inch)

0.140

0.140

O.140

Teeth
Pitch

(inch)

0.140

0.140

0.140

No. of
Teeth

Pratt & Whitney
FR 20730-27

Hits' Coeff

Rotor

M, = -0.2500

N,= + 0.0790

M, = -0.2500

N,= +00790

M, = -0.2500

N, = + 0.0790

Stator

M, =-0.2500

N, = + 0.0790

M, =-0.2500

N, = + 0.0790

M, = -0.2500

N, = + 0.0790

Note: HEIGHT and PITCH dimensions are average values.

Table 14. Interpropellant Seal Detail

Input Data Output Data

Power Ratio
Seal Level Delta Fluid of K,-, K,._ C,, C_r

P Temp Spec C.C. K.V. G.C. Ib/in Ib/in Ib-s/in Ib-s/in
(psi) (F) Heats

65% 302 147 1.380 0.994 9.89E-6 48 -4.528 1,687 0.9 0.312

A 90% 444 134 1.380 0.994 6.42E-6 48 -11,166 4,493 2.4 0.609

109% 538 129 1.380 0.994 5.44E-6 48 -17,518 8,313 4.3 0.825

65% 770 -185 1.340 1.OOO 6.45E-6 766 -119 3.6 0.03 0.007

B 90% 118 -174 1.340 1.000 4.18E-6 766 -282 10.3 0.05 0.013

109% 160 -174 1.340 1.000 3.54E-6 766 -440 17.9 0.07 0.018

65% 2499 -165 1.320 1.090 2.38E-5 766 -5,185 34 1.0 0.039

C 90% 5138 -176 1.320 1.150 t.56E-5 766 -16,552 324 2.4 0.790

109% 4866 -174 1.320 1.210 1.33E-5 766 -lg,016 490 2.4 0.794

Note: C.C. is Compressibility Constant, K.V. is Kinematic Viscosity (Ibm/s-if), G.C. is Gas

Constant. Tangential Velocity Ratio = 1.0

Table 15. Interpropellant Seal Input/Output:
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4,1,5,2 Turbine Interstage Seals
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Seal

1-2

2-3

Clearance

(inch)

0.023

0.016

Radius

(inch)

4.540

4.540

Tooth

Height
(inch)

0.130

0.130

Teeth
Pitch

(inch)

0.120

0.120

No. of
Teeth

HiPs" Coeff

Rotor

M,=-0.2500

N, = + 0.0790

M,=-0.2500

N,= + 0.0790

Stator

M, = 43.1083

N, = +0.2820

M, = 43.1083

N,= +0.2820

Note: Height and Pitch dimensions are average values for two sets of two teeth.

Table 16. Turbine Interetege Seals Detail

Power
Seat Delta Fluid

Level p Temp

(psi) (F)

1-2

2-3

65% 107 639

90% 193 915

Input Data Output Data

Ratio

of C.C. K.V. G.C. K,-, K,y C,-, C,_
Spec Ib/in Ib/in Ib-s/in Ibos/in
Heats

1.397 1.051 1.12E-5 547.6 156 1.683 1.3 -0.019

1.449 1.045 1.40E-5 488.0 328 3,220 2.1 -0.031

109% 275 1127 1.414 1.055 1.60E-5 457.5 506 4,692 2.6 43.041

65% 65 582 1.400 1.049 1.09E-5 553.5 179 1,848 1.6 -0.024

90% 123 836 1.470 1.039 1.36E-5 494.0 381 3,530 2.4 -0.040

109% 178 1034 1.430 1.049 1.55E-5 463.9 597 5.151 3.1 -0.053

Note: C.C. is Compressibility Constant, K.V. is Kinematic Viscosity (Ibm/s-ft), G.C. is Gas Constant.

Tangential Velocity Ratio = 0.75

Table 17. Turbine Interstage Seals Input/Output
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4.1.5.3 Preburner /mpeller 4-Tooth Labyrinth

Pratt & W'_tncy
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Gap Radiusi
(inch) (inch)

0.007 3.065

Tooth Teeth

Height Pitch
(inch) (inch)

0.100 0.140

No.
of

Teeth

4

Fluid

K.V. Density
Ibm/ft °

0.90E-4 66.5

Note: Teeth dimensions are average values.

Tangential Velocity Ratio = 0.75

Delta Output Data
Power P

Level (psi) Ib/in Iblin Ib-slin

65% 1075 12.280 5,270 3.2

90% 1600 17,430 10,660 4.3

109% 1850 21,670 15,590 5.3

K.V. is Kinematic Viscosity (Ibm/s-ft).

Table 18. Preburner Impeller 4-Tooth Labyrinth Seal
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4.1.6 Component Side Loads

These static side loads are from Reference 12. on page 132 with angular applied load and

resultant bearing load orientation illustrated below ( Figure 22 ).

Power
Level

65%

90%

109%

Component Side Load • Resultant Static Load

PBI MSI Turbine Ball Bearing Roller Bearing

Load Phase Load Phase Load Phase Load Phase Load Phase

(lbf) (deg) (Ibf) (deg) (Ibf) (deg) (lbf) (deg) (Ibf) (deg)

62 159 290 291 200 270 130 91- 325 97

75 142 475 293 260 270 215 105 450 99

125 125 670 296 300 270 275 114 565 100

Note: P81 is Preburner Impeller, MSI is Main Stage Impeller.

Table 19. Component Side Loads

Figure 22.

Main

Stage

Roller Br }
I _ z_o

PreDurner

ISO

Side Load Phase Orientation

TurDine
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4.1.7 Bearing Radial Dynamic Stiffness
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Nominal values for the baseline rotordynamic analyses have been chosen as 0.75E6 Ib/in for

the pump end ball bearing (PEBB) and 3.5E6 Ib/in for the turbine end roller bearing (TERB).

These values were chosen during the preliminary analyses and based on past experience

with similar design bearings, such as the HPFT'P ball bearing rig and P&W early turbopump

testing of the XLR129. However, A.B. Jones bearing load-deflection analyses and stiffness

evaluations are provided in the SENSITIVITY SECTION for examination, as discussed in the

METHODS SECTION. Generally, the ball bearing calculations give higher stiffness values

than those chosen for the analyses but are within the range of the parametric values of the

sensitivity analyses. Whereas, the roller bearing calculations give much higher values than

experienced in past roller bearing design applications. The range of roller bearing and ball

bearing stiffness values for the sensitivity analyses are presented in the SENSITIVITY

SECTION.

Pump End Ball Bearing Dynamic Radial Stiffness = 0.75E6 Ib/in

Turbine End Roller Beartng Dynamic Radial Stiffness = 3.50E6 Ib/in

4.1.8 Bearing Deadbands

Bearing deadband is defined as the operating clearance between the bearing outer race

carrier O.D and the housing bearing support I.D. for the PEBB, and the bearing outer race

O.D. and housing bearing support I.D. for the TERB? The deadband values presented here

and in the parametric analyses are intended to represent a wide range potential values,

since at the time of this analysis, these fits were still in development. Therefore, the actual

deadbands of certification design are anticipated to be within the range of fits considered,

but will certainly have less range (i.e. tolerances are generally within +/- 0.0005 in.).

Bearing Radial Deadband (Dia.)

PEBB 0.0025 in

TERB 0.0015 in

Table 20. Nominal Bearing Deadbands

Oeadband for the turbine end ball bearing is significantly greater than the TERB and does not transmit radial
load between the bearing and housing, Hence, TEBB radial boundary conditions are not considered in the
rotordynamic analyses.
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4.2 Rotordynamic Analyses
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The following BASELINE results are calculated as discussed in the METHODS section of 3.0.

Nominal design values were used for the Boundary Conditions outlined in the Study Plan

(Appendix A) and documented in section 4.1. These BASELINE analyses include Critical

Speed. Stability and Forced Response (linear and nonlinear). Some of the results are

summarized for the two turbopump planes derived from the asymmetric mount housing

stiffness characteristics. The orientation of the coordinate system for this report is illustrated

in Figure 23.

o
PUMP INLET

X-Z
PLANE

90 270

Figure 23.

PUMP

DISCHARGE

Pump Coordinate Orientation:

Y-Z
PLANE
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4.2.1 Critical Speed
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Critical speeds are summarized in Table 21 with normalized system mode shapes in

Figure 24 on page 45 and Figure 25 on page 46 for baseline input parameters. These modes

represent the lateral housing and rotor resonances in the X-Z and Y-Z planes as a result of

the housing mount asymmetry. For more detailed information, a complete set of forward and

backward whirl modes are illustrated in the whirl frequency map in Figure 26 on page 47 and

Figure 27 on page 48 for the X-Z and Y-Z planes respectively. Mode shapes for selected

speeds from these maps are included in Appendix E ( Figure 82 on page 178 thru

Figure 153 on page 213 ).

Subcritical operation is predicted with all rotor modes above the maximum operating speed

range.

Mode

6

Description

Housing Bounce

Housing Pitch

Rotor Pump Bounce

Rotor Turbine Bounce

Housing 1st Bending

Rotor 1st Bending

Critical Speed

X-Z Plane

9.000 RPM

(150 Hz)

20.000 RPM

(335 Hz)

29,000 RPM

(480 Hz)

37,000 RPM

(615 Hz)

> 40,000 RPM

( > 665 Hz)

> 40,000 RPM

( > 665 Hz)

Y-Z Plane

7,000 RPM

(115 HZ)

16,500 RPM

(275Hz)

31,000 RPM

(515 Hz)

37,000 RPM

(615 Hz)

> 40,000 RPM

( > 665 Hz)

> 40,000 RPM

( > 665 Hz)

Table 21. Nominal Critical Speed Results
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4.2.2 Stability
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FR 20730-27

Stability results for 109% RPL and onset speed of instability (OSI) are summarized in

Table 22 on page 49. Maps of LOG-DEC vs speed are illustrated in Figure 28 on page 50.

Stable operation is predicted with Onset Speed of Stability (QSI) beyond the maximum speed

search of 39,000 R PM.

Mode Stability

LOG-DEC OSI
No. Description @ 109% RPL

1 Housing Bounce 0.18 > 40,000 F_PM

2 Housing Pitch 0.20 > 40,000 RPM

3 Rotor Pump Bounce 0.24 > 40,000 RPM

4 Rotor Turbine Bounce 0.24 > 40,000 RPM

5 Housing 1st Bending 0.17 > 40,000 RPM

6 Rotor 1st Bending 1.64 > 40,000 RPM

Table 22. Nominal Stability Results
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4.2.3 Forced Response

The BASELINE boundary conditions documented in section 4.1 have been used for the

BASELINE FORCED RESPONSE ANALYSES of this section. All the boundary conditions are

used as discussed in the METHODS section of 2.2. The analyses include a linear analysis

for initial review and correlation of modal characteristics with the Critical Speed Analysis of

section 4.2.1, and a linear speed transient analysis for correlating model accuracy of the

nonlinear analysis. The nonlinear inputs are then added for calculation of complex time

transient conditions in addition to Steady State Time Transient Analysis. Results are

summarized for 109% RPLinTable 25 on page 89 from the response plots. An outline of this

analysis is presented below.

. Linear Forced Response

a. Bearing Loads

b. Rotor-to-Housing Deflections

c. Housing Accelerations

Transient Forced Response

a. Linear Speed Transient (no deadband or side load)

1) Bearing LOads

2) Rotor-to-Housing Deflections

3) Housing Accelerations

b. Nonlinear Speed Transient

1) Speed Set "A" (10-27 KRPM)

a) Bearing Loads

b) Rotor-to-Housing Deflections

c) Housing Accelerations

2) Speed Set "B" (27-39 KRPM)

.

a)

b)

c)

C.

Bearing Loads

Rotor-to-Housing Deflections

Housing Accelerations

Nonlinear Time Transient (S.S. Speed)

1) Bearing Loads

2) Rotor-to-Housing Deflections
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3) Housing Accelerations

4) Whirl Orbit Deflection

5) Spectrum Analysis (FFT's)

Pratt & _,Vhitney
FR 20730-27
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4.2.3.1 Linear Analysis

Pratt &Whitney
FR 20730-27

Linear analysis results are valid only at the rotational speed analyzed. To simulate aspeed

transient, multiple speed points are analyzed and the results are plotted versus speed

(splinefitted). Roughly 100 speed points were analyzed in this analysis. Plots for the linear
forced response analysis are illustrated in Figure 29 on page 54 for correlation to the
transient model. These results are used only for comparison of frequency and amplitude

correlation of system modes. These results show modal responses at the Pump Flange

Acceleration plot. Modes 1-4 have peak response at speeds that agree with critical speed

results. The asymmetry of the housing modes can also be seen at speeds of 17-21 KRPM

(Mode 2). These results show good correlation of resonant frequencies for use in the

transient analyses.
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Figure 29. Linear Forced Response Plots
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4.2.3.2 Transient Analysis
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The following analyses include speed and time transient linear and nonlinear forced

response. The linear case (no side loads or bearing deadband) is presented for correlation

to the prior linear stability model of section 4.2.3.1.
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Linear Speed Transient Analysis: Plots for speed transient linear forced response analysis

(no side load or bearing deadband) are illustrated in Figure 30 on page 57 and show good

correlation to the linear model results of Figure 29 on page 54. A summary of pump flange

peak response can be seen at the speeds and amplitudes as illustrated in Figure 30 on page

57 for modes 1-4, for two speed sets, 10-27 KRPM and 27-39 KRPM. Additional plots are

included in Appendix F.
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Figure 30. Linear Speed Transient Forced Response Plots
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Nonlinear Speed Transient Analysis Plots for speed transient nonlinear forced response

analysis are illustrated in Figure 31 on page 59 thru Figure 44 on page 72. These data

include bearing deadbands and static side load as the nonlinear inputs. Generally,

amplitudes vary little from the linear analysis as a result of the subcritical operation. A

reduction of the first rotor mode (Pump Bounce) can be seen in the response, from

approximately 31,500 RPM to 30,000 RPM. Likewise, the 2nd rotor mode (Turbine Bounce) is

reduced from approximately 39,000 RPM to 35,500 RPM.
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Figure 32. Speed Transient Nonlinear Forced Response Plots: Speed set "A', 10-27 KRPM
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Figure 33. Speed Transient Nonlinear Forced Response Plots: Speed set "A', 10-27 KRPM
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Figure 34. Speed Transient Nonlinear Forced Response Plots: Speed sot "A', 10-27 KRPM
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Figure 35. Speed Transient Nonlinear Forced Response Plots: Speed set "A', 10-27 KRPM
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Figure 37. Speed Transient Nonlinear Forced Response Plots: Spee_l set "A', 10-27 KRPId
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Figure 39. Speed Transient Nonlinear Forced Response Plots: Speed set "B', 27-39 KRPM

BASELINE RESULTS 67



Pratt & Whitney
FR 20730-27

O00T

Figure 40. Speed Transient Nonlinear Forced Response Plots: Speed set "B', 27-39 KRPM
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Figure 41. Speed Transient Nonlinear Forced Response Plots:
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Figuro 42. Speed Transient Nonlinear Forced Response Plots: Speed set "B*, 27-39 KRPM
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Figure 43. Speed Transient Nonlinear Forced Response Plots:
Speed set "B', 27-39 KRPM
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Steady State Time Transient Analysis: Plots for steady state time transient forced response
analysis are made for calculation of whirl orbits and FIT's and are included in Appendix G.

Rotor internal loads (shear and moment) have been calculated at 109% RPL for

documentation of shaft dynamic loads and are illustrated in Figure 45 on page 74 with shear

and moment diagrams vs axial length.

Plots of steady state time transient response are included in Figure 46 on page 75 thru

Figure 52 on page 81 for 109% RPL.

Plots of whirl orbits are illustrated in Figure 53 on page 82 thru Figure 54 on page 83.

Plots of FFT's are illustrated in Figure 55 on page 84 thru Figure 57 on page 86.
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Figure 46. Steady State Time Transient Plots @ 109% RPL
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Figure 47. Steady State Time Transient Plots @ 109% RPL
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Figure 49. Steady State Time Transient Plots @ 109% RPL
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Figure 51. Steady State Time Transient Plots @ 109% RPL
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Figure 52. Steady State Time Transient Plots @ 109% RPL
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Figure 53. Whirl Orbit Plots @ 109% RPL
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Figure 55. Nonlineer Forced Response FFT's
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4.2.4 Summary

Linear and nonlinear rotordynamic analyses of the baseline input parameters show low,

stable dynamic response for accelerations, rotor deflections and loads. All fundamental rotor

bending modes are tuned out of the operating range, with approximately a 2X margin. The

first bending mode is predicted at 900 Hz (1E is equal to 420 Hz at 115% RPL). The two rigid

body modes, Pump Bounce and Turbine Bounce, occur at approximately 500 Hz and 615 Hz

respectively and provide 20% speed margin for subcritical operation. Two sets of low energy

rigid body housing modes are predicted at 115/150 Hz and 275/335 Hz with the turbopump

housing mount stiffness providing the asymmetric resonance. Housing bending modes are

predicted well above the operating speed range with the 1st bending mode occurring at

approximately 665 Hz.

Critical Speed Results - Nominal

Critical Speed

Mode DescHpUon
X-Z Plane Y-Z Plane

g,o00 RPM 7,000 RPM
1 Housing Bounce (150 Hz) (115 Hz)

20,000 RPM 16,500 RPM
2 Housing Pitch (335 Hz) (275Hz)

29,000 RPM 31,000 RPM
3 Rotor Pump Bounce (480 Hz) (515 Hz)

37,000 RPM
(615 Hz)Rotor Turbine Bounce

37,000 RPM

(615 Hz)

> 40,000 RPM > 40,000 RPM
5 Housing 1st Bending ( > 665 Hz) (> 665 Hz)

> 40,000 RPM > 40,000 RPM
6 Rotor 1st Bending ( > 665 Hz) ( > 665 Hz)

Table 23. Critical Speed Summary
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Stable operation is predicted with Onset Speed of Instability (OSI) above 40,000 RPM for all

modes. The rotor modes have LOG-DEC values of 0.24 or greater at 109% RPL.

Stability Results- Nominal

Mode
LOG-DEC

@ 109% RPL
OSI

No. Description

1 Housing Bounce 0.18 > 40,000 RPM

2 Housing Pitch 0.20 > 40,000 RPM

3 Rotor Pump Bounce 0.24 > 40,000 RPM

4 Rotor Turbine Bounce 0.24 > 40,000 RPM

5 Housing 1st Bending 0.17 > 40,000 RPM

6 Rotor 1st Bending 1.64 > 40,000 RPM

Table 24. Stability Summary
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Forced response results are summarized below for FPL nominal conditions. These

conditions are representative of nominal conditions for all input parameters such as

clearances, pressures, loads, etc. Both, linear and nonlinear response show subcritical

stable operation. Accelerations, deflections and loads are all within design tolerances.

Nonlinear Forced Response Results - Nominal

Station

Pump Flange Housing Response

Turbine Flange Housing Response

PBI Deflection

MSI Deflection

Damper Seal Deft

IP Seal Deflection

Turbine CG Deflection

i

PEBB Load

TERB Load

Note: Bearing loads are peak composite;

Power Level

65% RPL

109% RPL

65% RPL

109% RPL

65% RPL

S.S. Nonlinear Forced Response

4 G's

5 G's

1 G's

2.8 G's

1.2 mils

109% RPL 0.7 mils

65% RPL 1.5 mils

109% RPL 2.6 mils

65% RPL 1.3 mils

109% RPL 1.0 mils

65% RPL

109% RPL

1.1 mils

1.9 mils

65% RPL 0.9 mils

109% RPL 0.9 mils

65% RPL 190 Ibf

109% RPL 300 Ibf

65% RPL 620 Ibf

109% RPL 13OO Ibf

Static and Dynamic.

Table 25. Steady State Nonlinear Forced Response Summary
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5.0 SENSITIVITY RESULTS
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5.1 Boundary Conditions
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The following Sensitivity results are calculated as discussed in the METHODS section of 3.0

for use in the ROTORDYNAMIC SENSITIVITY ANALYSES. Selected input parameters were
used for variation, based on MSFC/P&W discussion, and are documented in Appendix A. The

majority of the input variation values reflect the operating tolerances to represent expected

actual conditions where applicable, such as seal clearances and pressures. Other boundary

conditions were varied by a fix percentage for sensitivity variation only, such as

aeromechanical forces (Beta), static side loads, etc.

Those boundary conditions that have multiple input parameter variations (damper seal,

turbine interstage labyrinth seals, etc) and were analyzed with Taguchi Methods, have

outputs presented in congruent sets (i.e. Min/Nom/Max stiffness, damping and inertia terms

are a result of a single set of input parameters respectively). A single output parameter is

used to label Min/Nom/Max properties. In the case of the damper seal, direct damping was

chosen. Thus, the summary tables may list maximum values for direct damping (Cxx) but

have minimum values for other parameters (Kxx, Kxy, etc.). This is intended to represent

actual trends in hardware configuration. For example, if a given clearance were to produce

maximum direct damping and minimum direct stiffness, this set of output parameters are

used of a quoted "maximum damper seal configuration" in the rotordynamic analyses. It

would represent damper seal parameters for a single clearance (i.e. MAXIMUM damping and
MAXIMUM stiffness would not be predicted for a maximum clearance value).
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5.1.1 Aeromechanical Force Coefficients
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Cross Coupled Stiffness (K,y) is calculated from the model illustrated in equation 1.0 of

Section 2.1.1. for each of the three turbine stages. The results of each stage are summed as

a single parameter and applied at the Turbine CG. These results have been varied by the

nondimensional value of BETA (see METHODS SECTION). The values used for BETA are

0.6/1.0/1.5 for Min/Nom/Max conditions. These values reflect the empirical range of P&W and

Rocketdyne experience. Results summarized below are the total turbine force coefficient for

65%, 90% and 109% RPL. Plots of Aeromechanical Force Coefficients vs Speed are provided

in Figure 58 on page 93.

Level

Min

Nora

Max

Beta

0.6

1.0

1.5

Rated
Power
Level

Kxy
(Iblln)

65% 2,725

90% 4,500

109% 6,075

65% 4,525

90% 7,525

109% 10,175

65% 6,825

9O% 11,250

109% 15,200

Table 26. Aeromechenical Force Coefficient Sensitivity
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5.1.2 Hydromechanical Force Coefficients

Stiffness, damping and inertia terms are calculated from the model illustrated in equation 2.0

of Section 2.1.2. for the preburner and main stage impeller. The results of each impeller

have been varied by +/- 25% but holding the cross coupled stiffness constant so that the

whirl ratio (Kxy/Cxx) would vary in the parametric evaluation of Hydromechanical

coefficients. Results summarized below are for 65%, 90% and 109% RPL. Ptops of

Hydromechanical Force Coefficients vs Speed are provided in Figure 59 on page 95 for the

Preburner Stage Impeller (PBI) and Figure 60 on page 96 for the Main Stage Impeller (MSI).

Level
Whirl
Ratio

Rated
Power
Level

K_x

Ib/in

109%

Kxy

Ib/in

-11,582

Dynamic Coefficients

Mxx

Ib-sUin
Cxx Cjry

Ib-s/in Ib-s/in

3.70 5.8

4.70 7.3

5.40 8.3

3.00 7.7

3.80 9.7

4.30 11.1

230 9.6

2.80 12.1

3.30 13.9

M_ry

Ib-sUin

65% -3,348 2,694 0.002 0.0003

Min 0.25 90% -5,277 4,247 0.002 0.0003
(-25%)

.109% -6,949 5,592 0.002 0.0003

65% -4,464 2,694 0.003 0.0004

Nom 0.50 90% -7,036 4,247 0.003 0.0004

109% -9,265 5,592 0.003 0.0004

65% -5,580 2,694 0.004 0.0005

Max 0.75 90% -8,795 4,247 0.004 0.0005
( + 25%)

5,592 0.004 0.0005

Table 27. PBI Hydromechanical Force Coefficient Sensitivity

Level

Min

(-25%)

Whirl
Ratio

Rated
Power
Level

65%

Kl'x

Ib/in

-26,507

Kxy

Iblin

21,332

Dynamic Coefficients

Mxx

Ib-s21in

0.020

a_,

Ib-s2/in

0.002

0.25 90% -41,782 33,625 0.020 0.002

109% -55,020 44,278 0.020 0.002

65% -35,343 21,332 0.020 0.002

Nora 0.50 90% -55,710 33,625 0.020 0.002

109% -73,360 44,278 0.020 0.002

-44,178

-69,637Max

(+25%)

65% 21,332

33,625

44,278

9O%

C_. C_,
Ib-slin Ib-s/in

29.50 45.9

37.10 57.6

42.50 66.1

23.90 61.1

30.00 76.8

34.40 88.1

17.90 76.4

22.50 95.9

25.84 110.1109%

0.75

0.030

0.030

0.030

Table 28.

-91,699

0.004

0.004

0.004

MSI Hydromechanical Force Coefficient Sensitivity
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5.1.3 Damper Seal Coefficients
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PARAMETRIC ANALYSIS of the preburner impeller damper seal include variations in

pressure, clearance, clearance taper, and inlet tangential velocity ratio, as outlined in the

study plan of Appendix A. Taguchi statistical methods were used to calculate input

parameter sensitivities and establish a response table for use in identifying the combination

of input that would yield minimum and maximum outputs.

The input variations are tabulated below and were used in a Taguchi L9 array. The output

from the array are included in Appendix G. From the array, the sensitivities results can be

found and are presented in Figure 61 on page 98 The combination of input parameter levels

are then calculated from the array and used for confirmation runs with the damper seal

analysis. The results from this "Paper Champ" are the MINIMUM and MAXIMUM damper seal

output conditions. These results are tabulated in Table 30 on page 98 and plotted vs speed

in Figure 62 on page 99

Rated
Power
Level

65%

Level
Average
Clearance

(inch)

Clearance

Taper
(rad)

Delta
Pressure

(psi)

1,300

TVR

1 0.0058 0.0023 0.1

2 0.0068 0.0038 1,500 0.3

3 0.0078 0.0053 1,700 0.5

0.00231 0.0053

90% 2 0.0063 0.0038

3 0.0073 0.0053

1 0.0048 0.0023

2,700 0.1

2,900 0.3

3,100 0.5

4,200 O.1

2 0.0058 0.0038 4,400

3 0.0068 0.0053 4,600

109%

Note: TVR = Inlet Tangential Velocity Ratio.

Table 29. Damper Seal Input Variation Levels:
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z

e_

ku
r_

Figure 61.

3O

10

AVG. CLE.AR.ANCE TAPER

(A) 03)
DELTA PRESSURE

(c)
TVR

(D)

Damper Seal Coefficient Sensitivity

Input Data
Rated

Level Power Delta
Level TVR Press

(psi)

65% 0.1 1300

Min 90% 0.1 2700

109% 0.1 4200

65% 0.3 1500

Nom 90% 0.3 2900

109% 0.3 4400

65% 0.5 1700

Max 90% 0.5 3100

109% 0.5 4600

Clearance (in)

Inlet Exlt

0.0085 0.0070

0.0080 0.0065

0.0075 0.0060

0.0080 0.0055

O.O075 0.0050

0.0070 0.0045

0.0075 0.0040

0.0070 0.0035

0.0085 0.OO50

KI'E

Ib/In
Kry

Iblln

Output Data

Crx

Ib-slln
Cly

Ib-slln
Mrz

Ib.s_lln

111E3 7E3 43 1.10 0.63

250E3 14E3 67 1.43 0.67

419E3 22E3

170E3 26E3

363E3 50E3

9O 1.75

1.8355

0.72

0.75

83 2.46 0.81

610E3 77E3 112 3.07 0.89

280E3 54E3 72 3.38 0.97

580E3

988E3

1.09g9E3 107 4.75

153E3 146 6.20 1.25

Note: Level is based on Direct Damping (Cxx).

Table 30. Damper Seal Coefficient Sensitivity:
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5.1.4 Turbine Interstage Seals

PARAMETRIC ANALYSIS of the turbine 1-2 and 2-3 interstage labyrinth seals include

variations in pressure, clearance, gas temperature, and inlet tangential velocity ratio, as

outlined in the study plan of AppendixA. Taguchistatistical methods were used to calculate

input parameter sensitivities and establish a response table for use in identifying the

combination of inputs that would yield minimum and maximum outputs.

The outputs are presented in similar arrangement as the damper seal parametric analysis.

The input variations are tabulated below and were used in a Taguchi L9 array. The output

from the array are included in Appendix H. From the array, the sensitivities results can be

found and are presented in Figure 63 on page 101 and Figure 64 on page 102. The

combination of input parameter levels are then calculated from the array and used for

confirmation runs with the damper seal analysis. The results from this "Paper Champ" are

the MINIMUM and MAXIMUM damper seal output conditions. These results are tabulated in

Table 32 on page 101 and Table 33 on page 102 and plotted vsspeed in Figure 65 on page

103 and Figure 66 on page 104

Seal

1-2

Rated
Power
Level

65%

go%

109%

Level

1

65% 2

3

1

2-3 90% 2

3

1

109% 2

3

Note: TVR = Inlet Tangential

Average
Clearance

(inch)

1 0.0190

2 0.0230

3 0.0270

0.0190

0.0230

0.0270

0.0190

0.0230

0.0270

Fluid

Temp (F)

Delta
Pressure

(psi)

i

TVR

575 95 0.5

639 107

703

823

915

1,007

1,014

1,127

119

187

193

201

245

275

3071,240

0.75

1.00

0.5

0.75

1.00

0.5

0.75

1.00

0.0120 523 58 0.5

0.0160 582 65 0.75

0.O200 640 72 1.OO

0.0120

0.0160

0.0200

750

834

111

123

136

160

178

197

917

930

1,034

1,138

00120

O.0160

0.0200

Velocity Ratio.

0.5

0.75

1.00

0.5

0.75

1.00

Table 31. Turbine Interstage Seal Input Variation Levels
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Figure 63. 1-2 Turbine Interstage Seal Coefficient Sensitivity

Level
Rated
Power
Level

Average
Clearance

(inch)

65% 0.0190

Min 90% 0.0190

109% 0.0190

65% 0.0230

90% 0.0230

109% 0.0230

65% 0.0270

Nora

Input Data

Max g0%

109%

Note: Level

Fluid

Temp
(F)
575

823

1,014

639

915

1,127

703

0.0270 1,007 201

0.0270 1,240 307

Delta
Pressure

(psi)

I"VR

g5 0.50

187 0.50

245 0.50

107 0.75

193 0.75

275 0.75

119 1.00

1.00

1.00

is based on Direct Damping (Cxx).

K_3_

Iblin

75

175

264

156

328

506

269

Output Data

K_ C,,
Ib/in Ib-s/in

Cwy

Ib-slin

894 1.10 -0.011

1,802 1.77 -0.019

2,537 2.18 -0.024

1,683 1.34 -0.019

3,220 2.06 -0.031

2.63 -0.041

1.69

4,692

2,781

528 5,081 2.51

851 7,710 3.32

-0.029

-0.046

-0,065

Table 32. Turbine Interstage Seal Coefficient Sensitivity:
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2.0

1.5

1.0

<
e_

03

Figure 64.

o
AVG. CLEARANCE _r.A4P

(A) (13)
DELTA PRESSURE

(c)
TVR

(o)

2-3 Turbine Intarstage Seal Coefficient Sensitivity

Level

Rated
Power
Level

65%

Input Data

Average Fluid Delta
Clearance Tamp Pressure TVR

(inch) (F) (psi)

0.0120 523

Min 90% 0.0120 834

Nom

58

111

160109% 0.0120 930

65% 0.0160 582 65

90% 0.0160 836 836
i

109% 0.0160 1,034 1,034

65% 0.0200 640 72

Max 90% 0.0200 917 136

109% 0.0200 1,138 197
I

Note: Level is based on Direct Damping (Cxx).

0.50

0.50

0.50

0.75

0.75

0.75

1.00

1.00

1.00

Kxlr

Ib/in

86

191

304

179

381

597

321

686

1,075

Output Data

K., C..
Ib/In Ib-s/in

g55 1.19

1,858 1.85

2,714 2.36

1,848 1.57

Cw

Ib-s/in

-0.013

-0.022

-0.029

-0.024

3,530 2.40 -0.040

5,151 3.05

3,237 2.19

6,178 3.35

8,991 4.26

-0.070

-0.095

Table 33. Turbine Interslage Seal Coefficient Sensitivity:
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5.1.5 Component Side Loads

Static side loads have been calibrated to main stage impeller and turbine flow rigs

( Reference 12. on page 132 ). These loads are used in the nonlinear forced response

analysis and are applied at each component stage (preburner impeller, main impeller and

turbine) center of gravity (C.G.). Phase of each component is also provided from the

Hydromechanical and Aeromechanical Component Design Groups. Loads, phase, and

resultant bearing reaction loads are tabulated in Table 34. Variations were made in each

component load of +/- 25% of the baseline values.

Component Side Load (Ib) Resultant Bearing Load (Ib)

Roller

Bearing

98 242

Rated

Level Power Ball

Level PB I MS I Turbine Bearing

65% 47 218 150

Min 90% 56 356 195 161

109% 94 503 225 204

339

423

65% 62 290 200 130 322

Nom 90% 75 475 260 215 452

109%

65%

125

78

94

156

670

363

594

838

3OO

25O

325

375

Max

272

163

269

340

90%

109%

564

403

565

705

Note: PBI is Preburnerlmpeller, MSI is Main Stage Impeller.

Table 34. Component Side Loads - Sensitivity
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5.1.6 Bearing Radial Dynamic Stiffness

Dynamic radial bearing springrates used in the sensitivity analyses are include it1 the table

below. These are values chosen for purposes of study and are not intended to represent

actual operational ranges. However. bearing load deflection analyses, as presented in the

METHODS section are included in Figure 68 on page 108thru Figure 69 on page 109 for ball

bearing and roller bearing stiffness. Analyses represent radial stiffness vs axial load for a

set of axial preloads. Internal Radial Clearance (IRC) is varied for operational minimum and

maximum values. Generally, the PEBB calculations are representative of actual values

(predicted actual range is 0.82-1.10E6 Ib/in) based on ATD bearing rig experience ( 11. on

page 131 ). However, the roller bearing, as can be seen in Figure 69 on page 109, does not

correlate. Thus, typical roller bearing values were used based on empirical data (see

METHODS SECTION).

Bearing Radial Dynamic Springrate

Level PEBB (Ib/in) TERB (Ib/in)

Min O.50E6 2.50E6

Nom 0.75E6 3.50E6

Max 1,00E6 4.50E6

Note: Turbine-End bumper bearing transmits no

radial rotor loads as a result of the outer race radial

clearance.

Table 35. Bearing Springrates • Sensitivity
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Bearing deadband clearances used in the sensitivity analyses are presented in the table

below. These are values chosen for purposes of study and are not intended to represent

actual operational ranges. Actual clearances were being developed during the time of this

analysis, but are expected to be within these ranges, with the exception of smaller

tolerances (operational tolerances are expected to be approximately +/- 0.0005 in).

Bearing Deadbands (Dla.)

Level

Men

Nom

Max

PEBB (inch)

0.0010

0.0025

TERB (inch)

0.0010

0.0015

0.0040 0.0020

Note: Deadbands are diametral dimensions.

Table 36. Bearing Deadbands

5.1.8 Structural Damping

Structural Damping

Level

Men

CHUcal Damping
(%)

0,5

Nom 3.0

Max 6.0

Table 37. Structural Damping

5.1.9 Rotor Imbalance

The rotor imbalance distribution discussed in Section 2.1.8 has been used in the Sensitivity Analysis

with phase change between the turbine and pump subassembly sections. Forced Response analyses

were preformed using the Taguchi Methods for In-Phase and Out-of-Phase rotor imbalance with no

alterations in the imbalance magnitudes.
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5.2 Rotordynamic Analyses

Predicting the rotordynamic behavior of the HPOTP is best described through sensitivity

studies on the variable rotordynamic component parameters. Each parameter has a different

affect on how the turbopump responds during its operation. Likewise, each different

combination of the levels of these parameters will change the behavior of the turbopump in

a different way. Obviously, the number of different combinations ofrotordynamic parameter

levels for a turbopump can be enormous. For example, if there are nine parameters and
each could be in one of two different states at any time, the number of independent

combinations of these parameters and states is 29 or 512. Making 512 different analytical runs

for a rotordynamic sensitivity study would be very time consuming. Therefore, implementing
a statistical method for a study of this sort would prove cost-effective as will ensure

robustness.

In the case of the HPOTP, linear and nonlinear rotordynamic parameter sensitivity studies

were completed using 'Design of Experiments Methods' or Taguchi design optimization

technique. This statistical method is based on an orthogonal (balanced) array compiled and
customized with an assignment of variables by Dr. Taguchi. A simple example of the

Taguchi design optimization method is shown in Appendix B.

The sensitivity studies for both linear and nonlinear rotordynamic analyses on the HPOTP
are summarized in the following two subsections. Plots of each parametric nonlinear forced

response analysis from which the summaries were taken, are included in Appendix I.

5.2.1 Linear Analysis Sensitivity Study

Critical speeds of the HPOTP are largely dependent on the pump end and turbine end rotor

supports. The pump end support is a split contribution from the PEBB and damper seal direct
stiffness, and the turbine end support is dependent on the TERB direct stiffness. Further, the

rotor supports are major contributors to the principal rotor Pump Bounce Mode and Turbine
Bounce Mode. Sensitivity plots ( Figure 70 on page 112thru Figure 73 on page 115 )of the

first six (6) system modes are presented for variations in pump end and turbine end support
stiffness. These results are intended as a guide to parameter sensitivity for the nonlinear

analyses.

The critical speed plots show the Pump Bounce Mode is sensitive to pump end rotor support
stiffness and Turbine Bounce Mode sensitivity to turbine end rotor support stiffness.

Likewise, the Pump Bounce Mode is not sensitivity to turbine end rotor support stiffness and
the Turbine Bounce Mode is not sensitive to pump end rotor support stiffness. The only other

system mode sensitivity to rotor support stiffness can be seen in the Housing Bending Mode

at approximately 45 KRPM, to both pump end and turbine end rotor support stiffness.
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In the linear stability sensitivity study, the statistical Taguchi approach was implemented for

seven parameters each having two levels. The parameters studied were damper seal

forces, turbine seal forces, turbine blade forces, impeller forces, ball bearing springrate,

roller bearing springrate and structural damping. The two levels for each of these

parameters are contained in Table 38 on page 117. An orthogonal array /.4 was used to

define eight test cases for this study (Appendix G). The parameter sensitivity Figure 74

shows which parameters affect the logarithmic decrement of the rotor modes the greatest.

For instance, the stability of the rotor pump mode is most sensitive to the impeller forces

and least sensitive to the turbine labyrinth seal forces. Likewise, the stability of the 1st rotor

bending mode is most sensitive to the damper seal forces and least sensitive to the

structural housing damping. Figure 74 is a plot of the differences between the output

averages for each parameter level, taken from the Taguchi response table (Appendix H).

_0.1

Figure 74.

DAMPER TURBINE TURBINE IMPELLER
SEAL SEAL BLADE FORCES

FORCES FORCES FORCE
(s) (Q (o)

Stability Analysis Parameter Sensitivity Results

BALLBRG. ROLLERBRG.STRUC31JRAL
$PRINGRATESPRINGRATE DAMPING

(D _ (G)

Contained in Table 39 on page 117 are the minimum and maximum stability parameter level

combinations for each mode. These combinations were established through the paper

champ experiment and the LOG-DEC values were taken at 109% (24,230 RPM). The table

shows that the minimum predicted stability condition for the pump mode has a LOG-DEC

value of 0.027 and an OSI of 29 KRPM. This was the only combination of parameter levels

to give an OSI below 39 KRPM for any of the three rotor modes. In addition, both the turbine

mode and 1st rotor bending mode demonstrated stable characteristics for their minimum

stability combinations.
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Stability Analysis Parameter Values at 109% RPL

err C_ M. Mry Zeta
Parameter Level K,= Ib/in K,y Ib/in Ib-slin Ib-s/in Ib-salln Ib-salin

A) Damper
Seal

4.19E6

9.88E6

2.2E4

1.53E5

9.0E1

1.46E2

1.75

6.2

B) Turbine 1 5.68E2 5.251E3 4.54 -5.3E-2

Laby Seals 2 1.926E3 1.67E3 7.58 -1.6E-1

C) Turbine 1 6.075E3 - -

Blade Forces 2 1.52E4 - -

D) Impeller 1 -5.5E4 4.428E4 4.25E1 6.61E1
Forces 1 2 -9.17E4 4.428E4 2.58E1 1.101 E1

7.2E-1

1.25

2.0E-2 2.0E-3

3.0E-2 4.0E-3

E) Ball 1 5.0E5 - -
Bearing 2 1.0E6 -

F) Roller 1 2.5E6 -
Bearing 2 4.5E6

G) Structural
Damping

5.0E-3

6.0E-2

Note: 1) Parameter values listed for main stage impeller only. However, both main stage
and preburner impellers were changed together.

Table 38. Stability Analysis Parameter Levels

Stability Combinations at 109% RPL

Mode State Combination

Min A2 B2 C2 D2 E2 F1 G1
Pump Mode Max A1 B1 C1 D1 Et F2 G2

Min A2 B1 C2 D2 E1 F2 G1
Turbine Mode

Max A1 B2 C2 D1 E1 F2 G2

1st Rotor Min A1 B2 C2 D2 E2 FI G1

Bending Mode Max A2 B1 C1 D1 El' F2 G2

Log-dec (OSI)

0.027 (29 KRPM)

0.515 (>39 KRPM)

0.107 (>39 KRPM)

0.285 (> 39 KRPM)

1.440 ( > 39 KRPM)

1.900 (>39 KRPM)

Table 39. Stability Analysis Paper Champs

To summarize, based on the linear analytical study of seven rotordynamic parameters for the

HPOTP, Figure 74 on page 116 shows which of these seven parameters has the biggest

affect on the rotor stability (e.g. increasing the stability of the pump mode can be

accomplished largely with the decrease in impeller forces). Also, the minimum stability
condition of the parameters still demonstrates stable rotordynamic behavior.
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In the nonlinear forced response sensitivity study, nine parameters were varied using two

levels. The nine parameters were damper seal forces, turbine labyrinth seal forces, impeller

forces, ball bearing springrate, roller bearing springrate, structural damping, ball bearing

deadband, roller bearing deadband and static side loads. The two levels for each of these

parameters can be found in Table 40 on page 119. An orthogonal array L,2 was used from

the Taguchi statistical design optimization technique (Appendix H). This array established

twelve test cases for the sensitivity study. The results are shown in Figure 75 for two

separate cases, turbine imbalance in-phase with the pump imbalance and turbine imbalance

180 degrees out-of-phase with the pump imbalance. It can be seen from this figure that for

an in-phase turbine imbalance the pump housing response at 109% RPL (24,230 RPM) is

most sensitive to impeller forces and structural damping where as it is least sensitive to ball

bearing deadband. For an out-of-phase turbine imbalance case the static side loads are the

most sensitive parameter and the roller bearing springrate is least sensitive. Figure 75 is

a plot of the differences between the output averages for each parameter level, taken from

the Taguchi response table (Appendix H).

'-ew.,-

1.0!

Figure 75. Nonlinear Analysis Pump HSG Response Sensitivity Results
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Nonlinear Analysis Parameter Values st 109% RPL

Parameter

A) Damper
Seal

B) Turbine
Laby Seals

C) Impeller
Forces I

D) Ball
Bearing

E) Roller
Bearing

F) Structural
Damping

G) Ball
Bearing

deadband

H) Roller
Bearing

Deadband

I) Static Side
Loads z

Level Kn Ib/tn K,_ Ib/In Cn Ib-s/in Zeta Clearance Side Load

1 4.19E6 2.2E4 9.0EI

2 9.88E6 1.53E5 1.46E2

1 5.68E2 5.251 E3 4.54

2 1.926E3 1.67E3 7.58

1 -5.5E4 4.428E4 4.25E1

2 -9.17E4 4.428E4 2.58E1

1 5.0E5 -

2 1.0E6 -

1 2.5E6 -

2 4.5E6 -

1 . 5.0E-3

6.0E-2

5.0E-4

2.0E-3

5.0E-4

1.0E-3

2.203E2

3.671E2

Note: 1) Parameter values listed for main stage impeller only. However, both main stage

and preburner impellers were changed together. 2) Main stage impeller (X-Dir.) side load

listed only. However, turbine and preburner impeller side loads were changed

accordingly.

Table 40. Nonlinear Analysis Parameter Levels

Pump Hag. Response Conditions at 109 %RPL

Turbine Imbalance State Combination

Min A1 B1 C1 D2 E1 F2 G2 H1
In-Phase With Pump Max A2 B2 C2 D1 E2 F1 G1 H2

Out-of-Phase With Min A1 B2 C2 D2 E1 F2 G2 H1

Pump Max A2 B1 C2 D2 E2 F1 G2 H2

G= Peak

12 2.4

I1 9.0

12 3.0

I1 11.5

Table 41. Nonlinear Analysis Paper Champs

Table 41 shows the minimum and maximum pump housing response combinations of

parameter levels. For an in-phase turbine imbalance the pump housing response at 109%

RPL (24,230 RPM) could be as low as 2.4 G's and as high as 9.0 G's peak. Likewise, for an

out-of-phase turbine imbalance, the pump housing response could be as low as 3.0 G's and

as high as 11.5G's. These minimum and maximum pump housing responses represent the

best and worst case response of the pump housing at 109% RPL.
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In summary, Figure 75 on page 118 can be used as a guide to the sensitivity of each nine

rotordynamic parameters as they affect the pump housing response of the HPOTP (e.g. the

pump housing response is most sensitive to the amount of structural damping in the

housing, for an in-phase turbine imbalance, and least sensitive to the pump end ball bearing
deadband at 109% RPL). Also, the best and worst case pump housing response is shown

in Table 41 on page 119. Parameter sensitivity graphs for pump end bearing load, turbine

end bearing load, preburner impeller deflection, main stage impeller deflection and turbine
CG deflection are shown in the following figures.
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Figure 75.
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Figure 78. Nonlinear Analysis Preburner Impeller Deflection Sensitivity Results
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5.2.3 Summary

The critical speed sensitivity analyses show the Pump Bounce Mode is sensitive to pump

end rotor support stiffness and Turbine Bounce Mode sensitivity to turbine end rotor support

stiffness. Likewise, the Pump Bounce Mode is not sensitivity to turbine end rotor support

stiffness and the Turbine Bounce Mode is not sensitive to pump end rotor support stiffness.

The only other system mode sensitive to rotor support stiffness can be seen in the Housing

Bending Mode at approximately 45 KRPM, to both pump end and turbine end rotor support

stiffness. Variation in the Housing 1st Bending Mode is small, approximately 42,500 to 45,000

RPM.

A nonlinear critical speed assessment is presented in the following section.

Critical Speed Sensitivity to Bearing Radial Stiffness

Bearing Springrate Variation Critical Speed Range

PEBB

0.5E6-1.0E6

(Ib/in)

0.75E6

(Ib/in)

TERB

3.5E6

(Ib/in)

2.SE6-4.5E6
(Ib/in)

Principal
Rotor Mode

Pump
Bounce

Turbine
Bounce

Pump
Bounce

Turbine
Bounce

X-Z Plane

28.5-29.5

(KRPM)

No Change

No Change

33.5-40.5
(KRPM)

Y*Z Plane

29.5-32.0

(KRPM)

No Change

No Change

33.0-39.0

(KRPM)

Table 42. Critical Speed Sensitivity Summary

SENSITIVITY RESULTS 126



Pratt & Whitney
FP, 2O730-27

Based on the analytical stability sensitivity study of seven rotordynamic parameters for the

HPOTP, the main stage impeller hydromechanical forces have the biggest affect on the rotor

stability (e.g. increasing the stability of the pump mode can be accomplished largely with the

decrease in impeller forces). However, with all input parameter variations of the sensitivity

analysis (damper seal, turbine seal, aeromechanical, hydromechanical forces, and PEBB

springrate, TERB springrate and structural damping) stable operation is predicted when

considering these parameters as "worst case" as shown in the MINIMUM CASE of

Table 43.

Stability Sensitivity (LOG-DEC @ FPL)

Mode Minimum Maximum

Pump Mode 0.027 0.515

Turbine Bounce O.107 0.285

1st Rotor Bending 1.440 1.900

Table 43. Stability Sensitivity Summary
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Based on the analytical nonlinear forced response sensitivity study of nine rotordynamic

parameters (damper seal, turbine seal, aeromechanical, hydromechanical forces, and PEBB

springrate and deadband, TERB springrate and deadband, structural damping, and static

side loads) for the HPOTP, the static side loads and TERB deadband have the biggest affect

on Pump Flange Accelerations at FPL. Other less sensitive parameters include, damper seal

forces, impeller forces, and structural damping.

Other measurements for sensitivity assessment include PEBB and TERB load, and

preburner, main stage and turbine deflections. These results show the PEBB load to be most

sensitive to PEBB deadband, the TERB load to be most sensitive to damper seal forces and

TERB stiffness, the PBI deflection to be most sensitive to damper seal forces and PEBB

deadband, MSI deflection to most sensitive to MSI forces and PEBB deadband, and the

turbine deflections to most sensitive to TERB stiffness and deadband.

The nonlinear peak response assessment of critical speed location is illustrated in

Figure 81 on page 129 for consideration of deadband effects. Results show subcritical

operation is maintained with worst case conditions PEBB and TERB deadbands. The Pump

Mode critical speed range is 28,500 to 31,250 RPM for a PEBB deadband range of 1.0 to 4.0

rail (Dia.).

Minimum and maximum conditions are summarized below for the Pump Flange Response

with resulting station responses. The spread of 2.4 to 11.5 G's is a result of the parameter

variations considered. Test results are expected to be reduced in range and amplitude.

Nonlinear Forced Response Sensitivity (FPL)

Output Parameter

Pump Housing X-Cel

Turbine Housing X-Cel

Pump End Bearing

Turbine End Bearing

Preburner Impeller

Damper seal

Lead (Ibs)

Level 1 Level 2

0 130

1250 2400

. .

. .

Acceleration (Gs)

Level 1 Level 2

2.4 11,5

1.5 7.0

.

.

Main Stage Impeller

I.P. Seal Package

Turbine C.G.

Note: "Level' is based on Min/Max Pump Flange Acceleration Conditions.

Deflection (mils)

Level 1 Level 2

.

1.6 2.0

1.0 1.6

0.6 1.2

1.4 1.3

2.6 3.4

1.7 2.5

0.7 2.1

Table 44. Nonlinear Forced Response Sensitivity Summary
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6.0 CONCLUSIONS

The analyses presented in this report include both detailed parametric sensitivity studies, in

combination with a thorough baseline analysis.

The

1.

following conclusions are supported from the results of these analyses:

The ATD HPOTP has 2X critical speed margin relative to the fundamental rotor bending

mode (i.e., satisfy 20% DVS criteria).

2. Subcritical operation is predicted for baseline conditions and nonlinear tolerances,

including bearing deadband. The first rotor mode is predicted to occur at 30,000 RPM

(124% of FPL).

3. The ATD HPOTP has adequate rotordynamic stability margin from both linear and

nonlinear studies (OSI exceeds 40K RPM with 0.24 LOG-DEC value at 109% RPL).

4. Acceptable housing accelerations and bearing loads are predicted.

5. All DVS rotordynamic criteria are satisfied.

CONCLUSIONS i 30
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Appendix B. 'Design of Experiments' Example (Taguchi)
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Appendix C. Rotor Model Mass Normalized Data
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S.5_*ATO HPOTP; L_IT 4o] _R mr°Ftplr, Z[NO $PE2_, FULL ROT_ laS.$ t.E1

FII.J[: HPOTPRL N030

Number O_ S_It_onl:

$tltJO_ Dltl

StA. AXIAL I_IO_T DIIJ4k-T_AL

No. Lo©|tlon (£b) (Lb-lnee2) (lb-lecal2/ln)

1 0.0 0.9_56187[-02 0.1069208E-02 0.2370960[*04

2 0.880 0.6262761E-01 0.6888001(*02 0.1103|9_*00
3 1.212 0.16_9053[+01 0,3377563[*0! 0.6267662[-02

6 1,292 0.6122888(+00 0.816636a[*00 0.2346399[-02

S 1.5t6 0.437k$_6[*00 0.2080416[*00 0.1|32000[*02
6 _.$96 0.5860456[*00 0.27S8507[*00 0.1311300E°02

7 2.330 0.0550_60[*00 0.31569)9[*00 0.1653378[*02

e 2.433 0._826690[*01 0.6_58&2[*0! 0.126_163E-0_
5 2.653 0.2401763E*00 0.1616669E+00 0.7250840E-03

10 2.860 0.3770019E*00 0.1501724[*00 0.9781623_-03

11 3.061 0.7)03665E*00 0.&639628[*00 0.18_3620[°02

12 3.6_6 0.9336773E*10 0.7235342E*00 0,2621526[*02
13 3.41& 0.1676335[*00 0.6366318[-01 0.341613&E-03

16 3.8_6 0.6_98761000 0.8165109E-0L 0.1161_76[-02

15 4.226 0.1099370[*01 0.8693736[*00 0.2863176[-02
l& 6.$92 0.2012951[*00 0.5316039[-01 0.$205300[-03

17 6.496 0.$00062_[*00 0.2970521[*00 0.1256137E-02

18 5.283 1.8958732[*01 0.17111691001 0.2328870[-03
]9 S.3S2 0..T_61175[-01 0.1035604[-01 0.160_031[-03

20 S.S6k 0.11226031-00 0.2232802E-01 0.2505253[°03

21 5.476 0.61500_1[*10 o.216g_0sE*oo 0.3M6618[-02
22 0.186 0.6761664[*00 0.2675163[*00 0.1227136[-02

23 6.366 0._00000_-0L 0.2451654[-01 0.233132310@3

26 6.489 0.52_L726[-0_ 0.$2071_9[-01 0.23551|r_roO5
25 6.602 0.67&a498[*01 0.1631_27E-01 0.3236187[-03

26 6.602 0.&62($38[-01 0.277604_-01 0.218026_003

27 6.750 0._870106[*00 0.7276487(-0| 0.6435418_-40
28 6.978 0.2130821[*00 1.9+47S5_-03 0.SS)6S67E-05

25 7.164 0.7302722_*00 0.1064_7[+02 0.1885535[-e2

50 7.28s 0.1602796[.01 0.82_z276[*09 0.6148021£-02

51 7.567 0.6192679E*00 0.2768118_-00 0.108s010E-02
52 7.M_ 0.6567739[*|0 0.5777637_*00 0.1280471[-02

33 4.150 0.67_075[*00 0.61S_786[*00 0.1222866[*02

3_ 4.431 _.656228_*00 8.5000532[*00 o.z27_ost[-02
53 4.672 0.Si6S910E*i0 0.6267636E*00 0.1661157[°02

36 8.915 0.6112460E*00 0.7177036[000 0.154185_d_-02

37 5.153 0.6434731E-00 0.785928wSE*00 0.10665_d[-02
34 9.356 0.11till)E't2 0.1_7576_+02 0.3042_tlE°01

35 _.3_6 0.3270356['00 0.6053427(_0 0.8673_50E*05
60 9.65S 0.6_$4731[+00 0.7835261_*00 0.166606_-02

61 _.876 0.0112660E*01 0.71770S6['00 0.1341893_-02

42 10.116 0.$64S_10E*00 0.$267636[-00 0.16611S7[*02

65 10.357 0.494228_-00 0.S000555_*00 0.1275030Eo02
66 10.S58 0.$4170_0E+00 0.3331112_*00 0.5878399[-03

10.400 0.517_S3_*00 0.2_4480S(-00 |.8220838_-01

66 11.025 0.292605_+00 1.2032505_*00 0.7372600[-03
47 11.218 0.2078460(*04 0.178467S1[*00 I.iSS2861MSoI3

44 10.617 0.278S26R+00 1.1418_$3_*00 o.72o82o2_*03

4_ 11.623 0.1_03922_*10 8.111_653_*02 0._20080_ur-12

DIA/4_AL
(ln-lD*soeew2)

0.271SS73[-|S
0.126517&E-06

0o8761038[-02

0.2107769[-02
0.5404_21[-05

8.7086714_-00

0.8|60900[-03

0._136S60E-01
0._666277[*63

0.6521651[°03

0.1671767[-02
0.1877677[-02

0.166267_-13

0.2113126[005
0.219868_-e2

0.157327_(*05

1.7644720(-03
0.602B691[004

i.272_056E-H
I._450234_-14

0.S533_36_-15

0.66_7977_-04
0.1_580071d[-14

1._27317_[-04

i.71_167[-0_

0.237462_-40

0.276S132E-01

O.213283r_r-02
0.7163406[*03

1.377649_-05

0.1076S4_-02
0.1296257E002

0.162203_-02

0.18S7416[-02
o.202_o2_*02

|.3771683_*01

0.10139s1[-12
8.21_J_g=lr-t2

1.1137416[-02

0.1622059[012
1.12562371002

i.lS21895qr-lS

1.&171856[-43
1.S31134_v-00

o._2&SS_d[-65

0.47|61_1[005

8.2812203E011

S0 11.862 0._11S112_*00 1.281sq41[*00 0.104310R-02
Sl 12.104 0.1100S7_*0! *O.IISSI16[*11 0.28_42811002

S2 12.365 0.4376628_000 0.2652271E*00 0.1132616[-02
S3 12.635 0.6160031[*e0 0.217_51SE*00 0.1078t_4M_-02

$4 12.966 0.46_235qr*00 0.211431_*00 1.11_36111002

13.333 0.35656_+00 1.189q_3_E*ii 0.1022177E-02

56 13.575 0.3390350E*00 0.176_335[-00 0._2_1743_-05
S? 13.86_ 0.1989675[*e0 0.9937773_-01 0.S16927_-03

M 15.8_ 0.6107793E000 0.2606S7_[-0! 0.1380655E-12
$9 13.962 0.130496_['00 0.502674_-01 0.5_$4437[-13

60 16.057 0.10517_4[.01 0.1075185[*01 0.2823406[-02

&l 16.633 e.264S920[*00 0.1051626[+00 0.7664737E-00
62 16.639 0.20_4667E*00 0.7762831[*0L 0.$30103_-03

63 16.819 4.1000stIE*01 0.1058376[*40 0.2345S24_-02

66 16._2t 0.1811153_*08 0.6_78258(041 0._708037[-03

6S 15.1&S 4.2252465_000 0.M7136_-01 0.SoS2aUtI[-eS
66 L5.3_8 0.5212066E*00 0.1263322[*10 0.8S15783_-03

67 15.762 0.1166677[*01 0.7350535[*00 0.2967391[-62

68 16.1S0 0.536355_*60 0.120231_'00 6.863_40_*63
65 1&.37S 0.230_416[*60 o.9033s07[*61 6.s5644_6[-03

70 1&.$63 0.26S311_*60 1.$57U7_[-01 i.6030_6[-41
71 16.418 0._33_409[*00 0.7501775_-00 0.266760|[-02

72 16.922 0.1866576[*00 0.7382101E-01 0.&831713_*03

73 17.130 I.IZ9656N*00 0.S!6730_r-01 0.3334122_*00
74 17.150 0.1121307[*00 1.4072364E-+1 0.26_3133(043

?S 17.331 0.58475|1[,00 0.1S36S90E,00 1.100600._002

76 17.8¢1 0.1643069[-01 0.1346090E+02 |.4333770[-02

77 11.106 0.28710_7_'00 I.I1S4306EeOO 0.74382_7[-05
78 18.5_1 0.23330891000 1.f504014_*11 0.61_$261[*63

?9 18.60s 0.u31653_-01 0.3635585_-01 0.2285373_-05
40 18.650 0.2660935_*00 i.lo16301w_*oo 0.636t526[-03

81 18.120 1.64qS_9[-61 1.6343t1114_*t0 1.1772602_-t2

82 18.901 6.633205mr,00 0.S_11736[*00 0.|634269E-02

85 15.677 6.226224_v*00 0.8792091ME-01 0.$402_03_-05
84 19.503 0.3063_12_'06 0.1807734_*00 0.870377_S-00

&S 19.$31 0.6332256['00 0._4031_5_'40 0-16937101-62

86 15.846 6.$716770d_*00 0.3030672(-60 0.1478179E-02

47 20.237 0.1046234_+0! 0.1247086[*01 0._1196E-02
M 20.257 i._357_0_*10 0.1385837_*00 0.5_32_76E-05

80 20.&07 0.$993416[*00 0.3175712_*00 0.1531712_-02
96 20.977 0.3036600['01 0.S1&&641['62 0.7t03_87E-02

_2 . 21.050 0.105780_r*00 0.7162_6(-0! 0.28_110_-e$

92 21.08_ 0.)637071[*11 0.1308163_*e! 0.2733611[*02

53 21.378 0.6063610[*00 I.$5347ME*t0 0.1361260[*02
5¢ 21.673" 0.2231606[-01 0.1652566(*02 e.$773377[-02

_S 21.986 e.6620310[-oe e.6154SOS_-O6 0.1663696[-02

96 22.255 0.56258_*02 i.2166_34[*10 0.48766_1[-01
07 22.255 0.307365_'00 0.2006711[*00 0.7939035[*i$

58 22.$58 0.6130582_-00 0.4013417[*00 0.1391869[-02

55 22.897 0.6767344_*01 0.6_73_0_E*02 0.122866|[o01

i.7287|350-i3

-I.2_1163_[*i2

e.6_67376_-00
I.$627628_*13

i._72144_-IS

6.6_IOG4q_-43
1.4366150w-I$

1.2_7 laUl7E-13

I. 6224207_*1_
0.|300600_-03

0.2782563_[-42

1.2824_97_-13
1.21190|_-13

1.23t2492_-12

6.18039J3_-13

|.2270905qr-43
1.3265_66[-00

e.15;261_d[-02
e.$34_4541(oo$

0.234333_[-63

0.204704M-02

1.191144_v-13

1.1357502_-I$
0.1033_2&[-85

0.59766&_r-63

I.$440569_d[-12
t.2_073_1[*t3

8.2_16_m[-63
0.9425244_-14

1.2623113E-II

|.1176675_*02

1.141133._-12
1.22733&Id[*I3

1.66714|I[*I$

I. 1243133_-12
I. ?043334d[-13

i. 32274_[*t2

1.4114537[-03
0.1229071[-U

e.737_se4M_-01

o.1As5776[-05
o.39o312o[-12

1.102_$31E-12

0.341_3727[-I|
0.1043335_-42

$.$601349[000

i.$103_0(-i3
6.1034665[-62

1.1151963E*00

_LAR
(1nolO-so©me2)

0.$651169[-03
0.2530368[*06

0.1768212[-01

0. 62136_e[-02
0.108)686[-02

0.16) 75;_[*12

0.1632581E-02

o.226_oeo[-I]
0. 733233_-03

o. 98633o2[*03

0.35636_3[-02
0 • 37SS3S_d[-02

0.3286_67[-03

0. 6226266[-03
0.60_7377[-02

i.273iS47[*03

O. |$37766[-02

0 .$_$3872[*04
0.1166067[-03

0.1071167[-02

O. 1203211[- 02
0.128_$93[* 00

0.1660013_-e$

0.85305_7[-t_

0.1637033_°60
e.$766306[-05

0 .SI_LSS(- 03

e.SS30263_-01

0. _26367O[-O2
e. 1632773_-02

0.1_SS29_[-42

0.213305_[-02
0.2S_H7_d[o 02

0.3244118[-02

6.371_833_-02
4. 4037601[*02

0 • 7363361[-61

o.2o479os(*02
e.60376o1[-02

e.37|6635(-02

e. $26_114(*02
0.2346,10731[- 02

8.172417M-02

I. 1236071E-02
I. 1062316E*12

0. 9237101[-03

0 • 9412281E-03

e. $62_,_86[o 0;

e.14.37326E*e_

-$.$975277[*02

O.13_SSIF_E-12
0.1123326E-62

o.105_45[*52
o._400o99[*o$

I._152151[-03

e.s|43776E-03

6.1243661E-e$
1.2601wI00[-00

0.3S&SI29E*02,
o.$665193(-03

0.6i]3028_-13

i._603781[*12

1.43918o_d(-es
8.6334532[-o$
1.3821228[-12

i.6644056E-13

0.6647_16[*00
0.45_20_d_-IS

0.60_4045_-42

e.M2056SE-03
1.267_02E-05

8.21O7631[-es

1.793336_-Is

e.6567M_E-o2
i.$973o4_-i$

0,4_10260[-03
e.I_S4030[-es

o.s_sees4_-e5

0.2AS2504_-12

1.2811106[-02
6._]687E*13

e.05._i121[*e$

1.2486|15[*12
I.iS60671[-12

0.&43449_v-02

i.8225i?_-i3
1.1663816[*02

8.1373502[*00

0.3767331[-03
0.780625t_-02

i.2069162[*02

0.7727630E-01
i.2|71i63[*12

0.1120305[-01

0.1054670[°02
0.207733_E-02

0.2203023E*00



( (

k_TtJAL IrREQULrkCY _$0 S.[Z

D;AY_'NAL Ik_-RTIA JdOd_MAL|_): FACT0_ e 0.S0S?_3_rA[*0|

............ [_PUT ................ 0[N_V-TI_AL ka_ALZZE_ ......

$tmtlan D1sPlm¢ement Slome DlsBLo_emoat Slope

1 -0.1000000E*e] 0.1&S_O00E*a8 -0.SOS7955[*e! 0.826_6601[*05

2 -Q.8S65000[*00 B.16$SOOO[*OO -0.4351109E-4! 0.8?.SSkOkE*eO
5 -0.8183000E*00 0.1635000E*00 -0.41_8907E*01 0.4289606_'00

4 -0.78JSk0H[*00 0.1630000[*00 -0.$_47676E*01 0.824_43_*08

S -4.7_1411000[*00 0.1627008[*04 -4.$7_32k1['01 0.822_259E'00
k -0.7341000(*00 |.JL27000(*00 -O*$703262E*01 0.8229259E-08

7 -O.k]7_O00(*O0 4.1421000E*40 -O.31227kSE*OL 0.8|981L3(*ee
4 -0.5172000[*00 o.1620o00[*00 -0.3020052E*01 0.81954S_dE-00

• -0.S971000E*00 0.]&20000[*00 -0._820012[*0L 0.8153,8S4[*00

10 -O,S$26000E*lO 0,1612000(*00 -0.2tS_DSSE*42 0,81S3310E*0i
11 -0.458k000[*00 0.160_OOOE*O0 -0,2S21446E*01 O.8112t2kE*O0

12 -O.&225000E*O0 0.1S76000(*00 -0.215S96S_.01 0.75715041[*00

15 -0.$680000E*00 O.lSSl000[*0O -0.1465871[*11 0.78_4_86E+00
14 -0.3660000[*00 0.1SS|000(*00 -0.1468871[-11 0.744_8S6E-00

15 00.$02S000[*00 0.1515000[-00 -O.lS2_Ol_*l| 0.76S26S6['00

16 -0.2_38000[*00 =.1_44000(-00 00.123312_J[601 0.73o56_*04

17 -o.l_Tsooo[*oe o.15900oo_,0o -0.o$4942oE-0o o.700os29[*oe
14 -0.]402000[*40 0.10)2000E*00 *|.7001220E-00 0.66360L1[-40

19 -o.1300000_-eo 0.1297000E000 -0.6008662_-00 0.6s&0141[-00

20 -4.10oseooEeeo 0.1244000E.08 -e.Si�e$07E*ee o.k31250_E*oe
21 -0.6014000E-81 0.1185000E*00 *0.$039418E-00 0.59_50S2E*$|

22 -0.21S6000E-01 0.11|6000E*00 -0.I090490_-00 0.S64&kS_d_*0t

23 0.2218H0[-02 e.10k�000E*0$ 8.11214S0(*|1 0._06051E*00
24 0.1_45000[-4| o.lo4oooo[*0o 0.7308710E-|1 8.$2002SIE-19

28 0.2701000E-01 0.1004000(*90 0.138132_*01 e.$H8397'E400

20 0.273) 000[-0| e.ze08eeo(*ee 0.1_8102_-00 0.S094397E*00
27 0.4707000[*01 0.5S4300_r-01 0.2411117E-00 0._82£788E-00

28 0.6646oo2E-01 0.9102997[-01 i.$$8173_E.40 0._649788E-00

25 0.8S10002E-01 e.seoToelE-el 0.4307ss8E-oo o.ksooo4s_,oi
30 o.9o82_o0[-Ol 0.47o299o(-ol 0.4497092_-04 o.440192o_-00

31 e.122_00mE*eo 0.831]o99[-01 e.&21o202_*ee 0.42041SSE-08

52 4.1S11000E*ee 0.798S907E-01 0.Tk42838E*e0 0.4039200=r*00
33 o.170_OeOE*ee 8.773_001E-01 0.4022197T-00 0.5511407E-00

0.1060oo0E*00 0.7569999[*0L 0.9010881E,00 0.3428880E*00

35 o.2150000_*ee 0.74&seo2E-Ol 0.10474s£[-0| 8.$70s633E*11

34 0.2037000[.00 0.7034000(-01 0.1142038_*|! 8.$709489E*00
37 0.2s200oo(,ee |.7203004(*e1 e.1274699E*11 0.$084404_+00

3& e.2700000[*ee 1.7136002(-01 4.1368645_r,00 0.3604L53_,00

59 6.2700000E*oe 0.71540021[-41 0.1306645_*01 0.3000032_-00
_e e.2475000[*u e.Te_leeoE-et e.]4s&lsoE*el e.3.r_625_E,ee

41 4.3046000E*lO o.6919994(-01 $.1s40647E*01 e.3seee�e[*ee

42 0.321s600[*e0 0.0794000E-01 8.102012__*81 e.345&$6M[*el
43 O.kS41eooEoeo O.664SOOOE*e! |.1710844E*01 0.3368997_-00

• 4 8._._oeo[*ee 0.0407999[-8! e.1792020£*01 0.5286204_,08
40 |.367seeeEoee e.&1000eo(-e1 o.14847_eE*e! 0.5103802_oee

46 e.3414000E*ee o.Set�oee_-el e.19_e_oE*e1 8.2968501E*10

47 e.ss29000[°eo o.Ss44oooE-el 8.1_87205_,01 8.280014:,_,0e

e.ke_oooe_,oe e.s211000(*e1 0.2043_0_*01 e.263864_E*ee
49 8.41_9000E*00 0.44skeooE-el |.20_8806E-81 0.2488121E,00

SO o.4205000Eoee e.ks24000[-01 e.21SOlSTE*Ol 0.2284209E*e0
S] o.ksTsoooEeeo 0.42020e0[*01 0.2211458E*01 8.2128544E,00

$2 e.447900oE.ee o._OOeE-el 0.2268449[,01 0.194932J_*00

$3 0.4579000[-00 0.$371000[*01 0.2510020E-82 0.170S050E*0|

$4 0.4679000[o00 0.2seoeoeE-el O.2340047E*01 8.1207S14E*00

SS 0.07Soo00_-00 0.1S&4ooo[-01 0.240sss3_-01 0.7_5083_E-01
S6 O*47_utOO0(o00 0.9S12096_[-42 0.24217591[-1| e.4411012_0el

S7 I._000000_*il 0.412|000[-82 0.243044_nvo01 0.213079sE-01

$4 e.kseooooEooe e.4o2zeeeE-02 4.243o_sE*01 0.20837908=*01
69 8.4409000E*ee e.2]�seoeE-e2 e.2432861E*01 0.1|10217_-01

o0 o.&41oooeE.eo *0.0868001E-0S e.2432460EoOI *0.3403474E-02

01 0.4798000[*00 -4.0945001E*02 1.24U2JSOE°01 *0.38310S6E-01
02 0.4776000(,00 -0.1870000E-el |.2018669E-01 -0.S_42338_-01

0S 0._7s2000[*00 *0.1430000[-e! 0.240ssse_*el °0.7252448E*el

66 0.475_eoeEoee -0.164s000(-0| 0.289442._*01 o0.402050_r-01
0S " 0.460o0o0(*00 -0.20s9000_-01 0.2s72170E001 -e.1041_24[*ee

66 0.4644800(°01 -0.2411000_-0L 1.2864005_*01 -I.12|9468E°0i

07 0.4822000(o00 -lo$289000[-II 8.2287198_e01 -1.1623091E'18
64 e.4370000Eoee *0.3046000[-el 8.2213385qro01 -e.19_s401Eoee

69 o.427900oEoee -e.43430o0(-01 0.216424_*8! -0.2196061Eo$0
70 0.41910ooE,ee -0.4072000E*01 0.2119740[*01 -e.2543007[*00

71 e.ko6eeeoE+ee *e.5144800[001 8._083821[,01 *0.2001401[oe0

72 e.400_oeoEoeo -9.833_o00[*|! e.2028196E,01 *e.2097902E*00

73 0.$472000[°00 -e.s723000(*el 0.19844_2_,01 -e.28_60.q_,00
74 0.3872000_°ee -e.s?23000(-el 0.1984432E-01 *o.28940_r-f*eo

?s e.3763000E*60 -e.ko20000E*el 0.1904000_*01 -e.4047_12_*00
76 e.3418000(*00 -e.092Jees_*el e.1720405_*01 -o.sse4100E*ee

77 0.$2_8000(-00 *0.720999_u(-01 0.1668100E-01 *e.5044770E*00

74 o.$0skooe(ooo -e.774s999[081 e.lS38884E*OL -e.3917478EeOO
75 e.290_oee_*ee -e.74409_84_*01 0.1019207[*01 -e.39644s_*00

80 0.2_l_eeoE*ee -e.400599_E001 8.1475442E-01 *e.ke64370E*ee

41 0.2032000Eoee -e.ese2eelEoel e.1331244_*01 *e.4300286E*oe

82 o.2soooooE,eo *e.4022003Eo01 1.12_800E*81 -e.4360_sseroee
83 e.2400000E*ee -e.0470999E*01 1.1210904Eo41 -e.4444410E,ee

84 e.2]AsoeeE,oo -e.�zTeoeo[oel 0.1108189E*01 -e.4644/ee_r+ee

85 e.lttkeeeE*eo -e.9878001[*el e.99ss78_,00 *e.4441961Eoe0
40 1.]6e6eeo[oeo *e.leesooo[*eo 0.4120043Eo00 *e.se7$1e_E*ol

47 e.12338004_oee *e.le_oeo(oee 0.&2S6_3_Eo00 -e.K3o|71_d_oee
84 e.1203ooe[*ee -e.1044ooe[ooo e.o23o404Eoee *e.s$ee71_E*oo

49 e.4202099E*01 -e.1092000_*ee 0.41641971[°00 *e._2326_d_oee

90 e.8970000Eo01 -e.l)3seeoE*oe o.2elios_E*oe -e.s7407s6Eoeo

91 0.$303o00E-01 *e.lls�eeeE*eo |.109095_w*00 *e.s76494TEoee
92 0.27280|0[-e! *e.11_2000[oee 8._$7940_E*00 *e.$770101£oe0

95 -e.7804990[*12 -o.1161000E*OO -e.3411185Eo01 -e.8472203Eoee

94 -0.4290000[o01 -o.1100000[oee *|.21098L5_o80 -0.$9k8361[.e0
9S -0.80900_0E-0| -0.11970001[o00 -o.ke�_etEooo -6.08_$4_J_-6o

90 -e.11_oeoeEoee -e.z214oee[oee *e.00_9210Eoeo *e.61ke552Eoee
97 _o.]19ooooEoe0 -e.1214o0o_ooo *6.o04o250Eoee *t.0140002E-60

94 -e.ls61000(oeo *e.1217000(o00 *e.789843_o40 oe.6_ss5ekE*Oe

99 *e.z9270oe[oee -0.1220000(°00 -0.0746642[°00 -4.kL70679[o08

N_J4AL_Z_NG C:J4_CX (DIN_rTItAL GI_Y)t e.9_99991_*00
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OF POOR
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I_TUNAL F'P.EgI.Eqr_Y • 1060 HZ D(T[R

DIAJ_r'r'RAL |kf_-RTIA _L|_rn: WACTOR • e._78934SE*01

............ INPUT ................ O | dd_r'rRAL kqOE_MAL Z :q_rh .......

$_otion Dls:_ecoaen_ $1o_o DJSpLace4nest $1oBe

1 -Q.1000000[-01 :.2S66000(*00 *@.4?615_SE*01 e.1228q6&[*O!

2 *0.77_2000E000 0.3_$65000_*00 -005707511[-0L 0.122846kE*01
$ *0.71;_O00E*OO 0.256_000[* e0 *0.3621508E*OL 0.1227987[* 01

-0.66&IOOOE*O0 0.2.543000E*00 -0.31_0182E*OI 0.1217930100L
5 -0..546_000E-aO 0.252_000E*00 -0.2807qqZ*el 0.1211225E*01

i *0.58&$000_*00 0.252_000E*00 -0.28QTq$2E-el O.L211225E*el

7 -0.$9k000_(*00 0.2SOO000E-O0 -0.1896540E-41 0.1197356[*01

8 *0.$640000E*00 0.2495000E*00 -0.17_3521E.01 S.l193_A3E*al
$ 00._640000[*00 0.2_50aOE*O0 o0.1743521[.01 0.1153_83E*01

10 o0.261k000[*00 a.24SqOOO(*O0 *0.1252892[*|1 O.1177691E*el

11 -0.2075000E*00 0.2426000[-00 *0.9q$7049[*|0 O.I1618_SE*01

12 -0.87025qqE*01 0.2314000_*00 -4.&168166[*|| 0._106254E*Q1
13 -@._gGOOOE-02 0.2219000[*00 -4.254&863_-|1 O.10627SSE*01

14 -0._96000(*02 0.221_000[*00 -0.254&4&3_-01 0._0627S5_*0]
15 0.94_S001[-01 O.20?_OOOE*O0 0.4SO_iG_*O0 0.t157047[*00

l& 0.177S000E*00 0.|83&000(*00 O.dLSOIOA7E*$O 0.87856S7E*00
17 0.2595000E*00 O.IkSO000EeOO O._l_kO$OS*O! 8.7_02420[*00

18 0.$|02000E*00 0.13_9S000_*00 0.14456S4E-01 |.66S259_[*00

)_ 0.321_00eE*00 0.155$000[*00 8._SSS29SE*el 8.&412952_*oe
20 9.$S_40ooEeeo 0.117&oeoE*ee 8.16952S9[-11 0.$6416_,4[*00

21 e.s_sTeoeE*eo e.t7seeos[-el O.189S)4_d[*el 0.466_12[-e0

22 o._2_eooE.ee 0.7s_soos[-o] e.zoSTSe2E*el o.3657so_[*ee
23 o.4477eeeE*Oe O.JI$40OOE-01 0.216418_E*el $.21S77844[*0e

24 0.4S62008[*00 O.S2.SSOOOE-OI 0.2184491_601 O.2.SI&&OOE*OO

2.S O._6_Sooo[*eo 0.4276000£-0| 0.2225692[*|1 1.2547524E*O0
26 0o46_$000[-0e 0.4276000E-41 0.2225692[*el 9.204752M[*00

27 0.47SO000[*eO O.26&IOOOE-01 i.2274_39('el O.12746_d_*eO

28 0.4424000[*00 0.1620000[-01 0.2510S7_[*41 0.77S4757[-01
2_t O.&4?&O00(*O0 0.7_4000(-42 0.25U28_'11 0.3S4454r_-01

50 $.64_qOOOE*O0 8.1_S000(082 |.23_62_gE*el O.tSIS2?.Td[-02

31 0.4_200OOE*Ot -0._016000E-02 8.2$SJSS7E*O! -0.4,518073_0e!

32 O.4_OIOOOE*OO -e.1790000(-41 1.23472S4_-41 -O.AS72_24_-01
33 O._sS7OOoEeeo *0.2459000(-01 |.252_1841-0! -e.l177700E-oo

34 O._04000E*O0 -e.2846eeoEo41 e.2$0oselE*el -e.134z2e_.eo

SS O.&7_OOOOE*O0 -0.3201080E-01 O.227014tE*el -0.|$3506_E-40
36 e.666tOOtE*OO -4.347SOOOE-01 0.225475e_*el -0.1664257E-05

57 0.4S4_eooE*eo *O.$72eOOOE-Oi o.211S4_(d[*el -4.1781JS6E*OO
54 0.64_S000[-00 -O.3$S2OOOE-e] 0.21S2810_'01 -0.18927_-00

59 $.6_S000[*00 -O.SgS2OiOE-Ol O.21S2810_*el 00.189274_[*e4

6e 0.437,0ieE*ee -O.617&OOOE*OI o.2eq48sgE.el -o.2oooo50E*oe
61 0.4244000[*00 -_.6405000E-01 0.2052s91,[*el -e.2108744_-00

42 e.4]o6eee(*ee *0.4666eeeE-el o.l_66_e_[_el -0.222s129_*00

45 o.s_s4eee(*e| -e._tlseeo_-el e.ls_S62_r*el -e.2sss_SE*ee

4_ O.37_SOOOE*ee *O.S2kSOOOEoei O._O17SS,_*OI -e.2s206s2[*eo
4.s o.s&43oooE*ie -_.s6ssoooE*8| 8.17447s_[-01 -e.270741iE*O0

6& $.366200eE*OO -o.61240eo[-e1 0.16S8071[.01 -0.2_525_&E*00

47 O.3291000E*OO -0.6S63402E001 0.1S7&17S_-01 -e.s1432471[*eo
44 e.sleeoee[*ee *e._agees_r*e! 1.144as2_[*e1 -|.$s47274E*00

4_ 0.2508000(*00 -0.740699_[-41 e.13_2741E*oI -e.JS47466Eeoo

50 0.2674000[-e$ 04.775stt7E-el i.1282S86E*_I -8.37JS03S[*0|

51 0.2436080[-ee -e.4i2eqtTE-el O.IliS72_E*01 -e._44153_*|e
SZ o.2170000[*ee -i.&284io2E-il 0.1059248_-e1 *e.ss6s4e_E*ee

s5 0.1877000[*00 *I.4S_eOOOE-01 e.8969s91q[*o| -e.41178?w[*eo
$4 |.148soeo[*oo -e._o2.so02_*01 0.7112178_-8t -O.4S22S86E*OO

SS 0.1059000[*00 -o._5299,)e_-ei e._7_lSO[*Oi -e._O_S_J_*OO

$6 8.73SOgS(d[-01 -0.94580021[-01 0.5S244771[-08 *e.4s20144E*ee
s7 o.4181eee(-el -e.t667eeeE-el e.zee242._*ee -e.4s3407_r*ee

$4 e.4181eooE-e! -e._66?eeo(-el e.2ee242s_*ee -e.4ss6e72_*ee

S9 o.5019ooeE-el -o.9_6e_teE-el 1.14_s_es[*ee -e.4s31194_[*oe
le o.I186eooE-01 -o.9453eOlE-el I.steol&_d[-el -Oo_517789E*OI

61 -e._e400oE-Ol -C._2_2OOIE-OI *e.|s_z_s_*ee *e.66S|2SIEeOO

62 -I.s177eeeE-01 *4.91s7ee2(oel -e.2479_44E*ee -e._4sGe_E*ee
6S -0.7266914E-01 -_.4_69_t_-01 -0.3_40416E-00 -O.4SO6_73EeOO

66 *e.4s2se_7[-el -4._2_99[-0! -I,41_1559_1[*0e -O._-._37SE*OI

iS -O.I|04iOOE*Ii *O.4k$OOO_-I1 -1._7437E'40 -e.4|3S20_'00

_6 *e.l$140ee[*ee *e.437iq_8_-|l -0.629511w[*00 -e.4012o$_[*ee
67 -o._74qeoeE*ee -4.Tk41eeeE-il -e.e$76s6_[*ee *e.S&TS6_6E*IO

64 -e.212.5000(-00 *e.68_40031[-01 *0.10177Lq_-01 -o.3296_o6E*oo

_9 -e.2s2seee(-ee -e.6_91eelE-el *e.lllsszsE*el -e.so60870/[040
7e -e.2_seoe(*ee -e.Ss_6eeeE-el *0.11411_4E*el *e.284774_E*ee

71 *e.2_a_oeo[*ee -,.s2s3eee[-el -e.1286417E*el -e.2s16442_*ee
72 -e.27&2000[*00 -e.4qS4OOOE-el -0.15226171[-81 -4.2S7264]E*O0

73 *e.2_16eee[.ee *e.4307eoeE-el -e.lS56s72[*e1 -e.2e&27?lE*ee

74 *e.2_l_eee_*ee -0.4307000_001 -e.l$_6s72_*et -e.zes2771£*oe
7S -e.se2soeoE*ee *e.37_toee_-el -e.14492s._*el -e.lO_Sle_[*eo

7& -e.328soee_eee -e.19900ooE-e1 *e.ls752_gE*el -o.9sseT_s[-el

77 -e.s$66oooE.e$ *e._sTseeeE-el -e.1641ss71[*e1 *e.6Sgt715eroot
78 -I.5452eoe[*ee -0.1363e001002 -i.|&4STO_*el -o.662787s_-e2

7_ -e._6&6oooE*ee 0.1066000(-02 -0.1549449E*01 O.S1eS44eEoO2

at *l.34s408o_*ee e.4957998(oe2 -e.s&s61s.s[*e1 0.259S71_d[-01

sl -e.$475eoee.ee 8.14020oe[-01 -O.1666212EeOl O.46305qSE-OI
42 -e.347700oE*oe o.2151eeiE-e! *e.J&ts2ssE*el e.le2ete_Eoee

45 -e.3_61eeeEoee e.2s43eeoE*e! -e.16s7s12[*el 8.136L610_*00

-e.s_2seeo(*ee e,4e14|eoEoll -e.164esseE*01 e.l_2244_[*ee
LS -0.3SS7000[*00 $.4_S?00e_[-I1 *0.1&O7785er*01 0.2374078[-10

86 -e.$20600e(*o0 O.6_4eOOZE-01 *e.IS_L_46SE*01 |.$1054_$E*00

47 -4.299800_*00 $.40SS99_E-01 *e.143S44SE*el e.3463o84E*ee
04 -O.2_98OOOE*OO e.8o_$99_4[*Ol -e.14_84sE*el e.3465ms4E.eo

09 -e.2712oooE*oo e.9786_9_-Ol -e.121oaTm[*el 0.464755|[*00

90 *o.256ooooE,oo e.llsseeeE*ee -e.ll3e2asE*el e.ss3644_r*ee
91 -4.25o2ooo_.oo o.1172ooe[-8o -i.11e?.soT[*oi o.s61311_r*oe

92 -e.2245oooE.eo o.11&7ooo[*oo -|.1074249E*01 O.S644_SSJ[*OO

93 -e.ltoeoltE*ee o.127soooE*oe -e._eq97ss[*lo e.ses6as71[oee
q4 -i.ls3eoee[*$0 e.l$_ooeot[*ee -e.7527_971[*e4 e.6sIsso7E*eo

$s -o.11e400eE*OO e.16seoeo[oee -e.s$06sgsE*oe O.&944S_4E*eo

_6 *1.6S75_[-0! e.ls41eom[*oe *e.31_sSISE*ee 0.7S80540E*00
$7 _O.&ST$_gE*01 e.l_,lC-O[*ee -0.],_SISI[*00 e.TSOOSSOE*OO

94 -e.19$3ooe(-el e.ls56eo_[*ee -e.92s77_E-el O.76S2221E*$0

_ e.27s4ooe(*el O.ls71eeeE*ee e.131856.%[*ee e.TS24e6|E*o|

)4_ImA,LXZI_ C:I._c.r_ (DZ_q[TRAL Oe4.y): e.gqg_0E*0|
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)U,TtJlA L _'_( QUE)_Y • 2000

D[_SE'TltAL %NF..RT%ANORfSAL|Trn: FACT0i_ • 0.498784_[-01

............ [_PUT .............. D; JU,ETItAL )40g_AL Z 7'r_ ........
Station Dlsolo¢ooent Slops O/OPllOOOen_ $1ooe

1 -0.1000000_-01 0.373S000(*00 -0.40878,4_E*01 O.18k2_7_E*01
2 -0.6712000Eo00 0.3752000E*00 -0.3567067[*0! O.18k]_78E*01
S -0.$838000E-00 0.3720000E*00 -0*2_11020[*01 0.10S0483[*0L
& -Q.SIO_O00E*O0 OJklIOOOE*OO -O.ISSSSLSEeO! 0.2806112[*41
S *0.3105000[*00 0.3006000[*00 -0.1962731[*02 0.177360L[*01
6 -0.$150000E*00 0.35Skoeo[*o0 *0.1062731[*01 0.1773001E*01
7 -0.2202000[-00 0.3630000[*00 -0.S9906_9[*00 0.1715333[o01
8 -0.76S6002E-01 0.$612000E*00 -0.3717069[*00 0.1701860E*|2
5 -0.7656002E-0! 0.3612000[*00 -0.3717469E-00 0.1701865[*01

10 0.6730002E-01 0.$287000E-00 0.33S6467E*00 0.1604S]7E*01
11 0.1612000E*00 0.$177000E-00 0.7062890[*00 0.10466S0[*02
12 0.2990000E*00 0.2850000[*00 0.1641377E*01 0.161107)E*0!
13 0.$465000[*00 O.2SSSOOOE*O0 0.244767LE*01 0.1276606[-01
|6 0.3480000E*00 0.2SSSO00E*O0 0.1467671['01 0.1276606[*01
IS 0.$089000E*00 0.2106000[-00 0.2008353E-0! 0.10853S6[*0!
16 0.$870000(*00 0.1577000[*00 0.2427887[*01 0.786M92[,00
17 0.&566000[*00 0.1151000[*00 0.$16S$10[*0! O.S?SlOS_r*00
18 0.6738000[*00 0.$867000[00| O.3360eS.T_*O! e.242634L[*eo
14 0.&782000[-00 0.k665000[-01 0.3382782E*01 0.261862_E-00
20 0.6875000[*00 0.16060001o41 0.3625170E*01 0.8000s6_-01
21 0.6844000[*00 *e.22_soooE*01 0.360s6s6[,01 -0.1166711_-00
22 0.6703000E,00 -0.6|58000E-01 0.SS64318_-01 -0.S052440E-00
23 0.6044000[-08 00.8708000[-01 0.$286017E*01 -0.4363665[*00
26 0.6678000[-00 -e.]027000E*eo 8.s20|101[*01 -0.s072678E,00
20 6.6561000[*00 -0.117600_*00 0.$1628171(*01 -0.546s752E,00
26 0.60_1000[-00 00.1176000E000 0.3162017E,01 -0.$4607s2E,00
27 0.6072000[*00 *e.1631000[o00 0.3028643[-01 -0.7137662E006
28 0.5765000[*40 -4.1088000[oe0 e.287501_*01 -0.7420754£°00
29 0.0632000[o00 *4.17loose(see 0.2704418[*01 *0.4SS4221[o00
SO 0.S156000[o00 *0.1778000[o08 0.2040706[*01 -0.84646S6Eo00
51 0.6082000[°00 -0.1892000[-50 e.22AS664EoOI 00.5_37070E-00
32 i._666800[*00 -i.147S000[-00 0.1428510Eo01 -e.teS1049(*oo
33 0.3176000E°00 -4.2028000[o00 0.10401_°01 -0.|011S4_r*01
36 0.2615000[*08 00.2007000E°00 0.1304001[*01 -6.10260071001
35 0.2004000[°00 -0.2076600[,0| e.le26000E*el -4.103S444d[-01
56 i.lr_eeoo[oee -0.2089000E-00 0.7_41426[*00 *0.1061566E,01
37 0.4_200SE-01 00.2048000E*00 0.6654647(-40 -0.1066407[001
38 0._816§00E-01 *0.2104060[*1i i.150237_*08 *i.1044_0['11
55 0.0416000[-01 *0.21o600o_*00 0.1402378(*00 01.1044600E-01
40 -0.1070000[*01 *4.2055000E*00 -e.43273q[-01 -0.10664S6[-01
61 *0.TSSSO0_-01 -e.2050000Eo60 *0.3768_7E*00 o0.1062667[,01
62 -0.1320000[o00 -0.2077000[_00 -0.6608940Eo0| *e.103048.5E*01
45 -0.1856000[-00 00.2008000[o00 -0.5662004Eo00 -0.1026600Eo01
64 -0.2471000[*00 -0.2027000[°00 -0.1202006E*01 -0.101106_Eo01
40 *4.29s6000[o00 -i.1400060E°ee -0.1674418E,01 o0.5500547[*00
66 -4.3_15o00[*00 -0.1_2sooo[-0o -e.1737274E*eL -0.4641670E-00
47 -0.5430000['00 *0.1441000[°00 -4.1962701[-01 00.42826s1[*00
44 -0.4374000[*80 -0.1704000[o00 -0.218414_d[*01 -e.8tleSS._*oo
64 -0.6422000Eo00 *0.1707000E*00 -0.240SIS7Io01 -6.SS1431Jur*Oe
So *I.S281OOOE*ei -0.1612000E-00 -0.2634101[o01 -e.aesos&_,ee
$1 *0oS722000[o00 *0.101600oE-00 -0.26s4067[o0! *0.7S61631E-00
S2 -0.614ooo0[o00 *0.1411000E*00 -0.3162060[*01 -3.7037400E*01

$3 -O.604000OEo06 °0.1260000[*00 -0.5262071ro|1 00.65m470_r*iO
S4 00.64S500o[o00 *4.4_5000_*01 *6.3471067[,Ol -o.6412066[o0e
SS *e.72_a000[°00 -0._404001_*01 -e.36401S7E*OL -e.s35STSl[*ee
54 -e.7652000[*00 00.4792000_-01 *6.371697e[*01 -0.2340145E-00
S7 *e.Tss6000(,oo -e.219zoee(-ez -6.$764440E-01 -6.|492370E*00
$4 00.7S&6000[*00 *e.2_2oom[-el 00.37k4440_o01 -4.144237_v*00
S9 *4.7s76000[-00 -0.2045000_061 -O.577MlOEoOI -4.1156S48Eo00
6i 00.7043000E,00 -0.1_07300E-41 -0.378720_[*e1 -0.7267364E*01
61 -o.7s66080[,oe 0.ss059_9E-02 00.5760806[-01 0.2744520_-01
62 *8.7_00001[*06 0.1720800(*41 -0.5730537[o01 0.Ls751s5[-01
65 -0.7396000[°00 0.278_000E-01 *8.5684034_o01 0.1045624Eo00
64 -8.7320000E-00 e.36200004_-01 -0._603620E,01 $.17008S6[*e0
6S -1.71S40e0[o00 e._ssseeo_-eL *e.3570826[o01 0.22t1402E-00
66 -0o6953000E*00 $.SS46000(-el -0.3448027_*01 0.2766260Eo00
67 -O.6SSSOOOEoeo 0.753300Z001 -e.s264007(oe! 0.$7s7373_o00
64 -0.6035000Eo00 0.4117001[-01 -0.301218Z,41 0.404746_Z-0e
69 -6.s7130001060 0.0806001E-01 -0.5665S70E*01 0.651S060[-00
70 00.s626o0o[o00 0.1060004_*00 -4.2706620E*01 0.s187547[o00
71 *4.s010000[*00 0.1106000[*00 *0.249892t[,41 e.ss16sss[oeo
72 *e._430000[,00 04125000[*00 *e.2404167Eoo1 0.s631321E*00
70 °0.4452000[°00 8.1167000E*00 -0.221062_[-61 e.Mlee6eE*eo
74 -0.6432000E-40 o.1167000[*oe -e.2210624Eo01 0.0428660Eoee
7s -0.4110000Eo00 0.1189800[o00 -0.20s0014Eo01 6.$930S5_d_-00
76 -0.51S6000[o43 0.1210000[o00 -e.1s74176[-01 0.6000134[-08
77 -e.lasloee(*ee 0.12010e0Eo00 *e.14170s7(*31 e.s416_49E*ee
70 *0.220S000[oe0 0.116200_E*00 *0.109482J_*81 o.s755_11E*ee
79 -0.20060o0E,00 e.1101000E*eo -0.1040_72E-0! 0.$76100_Eo|0
80 -e.1522000[oee e.110200_*eo -e.4046712_oee 0.$644284_o00
$1 o0.1020000[o00 0.1002000Eo00 -0.6600940Eo00 8.SS47203Eo00
02 -e.1182000[*ee e.leloeeoEoeo -e.$890678(,00 0.012704_Eo0e
$5 *e.8789000(-01 0.g710997(*01 -e.ssoslksz*eo e._443732_*ee
84 -e.4781000E-el e.s460001[-e1 *e.2384707(*00 e.4311028Eo00
_s -0.1314000[-01 e.76749_-01 *e.6079i14_o01 0.3428200[oee
_6 e.SSoseeo[-e! 0ot697000(*01 0.174014_oee e.2_613ss_oee
$7 e.7817000[*01 0.3796000E-01 0.0895026E*ee e.1843601Eoee
44 O.T&1700eE-e! e.S756000Eo01 e.3495024E*00 e.1895401[*ee
04 e.11sleeo[*ee e.12_seeeE-01 0.066628_o00 0.6266427(-01
90 e.1375000[*oe -e.1602000[o01 0.k078250[*00 o6.&205579[-01
91 0.1046000E*00 -0.1500000E-$1 e.606004_d_,00 -0.4426409Eo01
_2 0.1612eeeE*eo *0.2212000E-01 0.704289|[*00 -e.1100020[*oe
9s 0.1666000[oe0 -e.ssssooe[-el O.?S122SsEoeo *0.1914444E-00
46 .*_ e.166000oE*eo -e.ss48000£-el 0.7322212[.ol -0.2747227E*e0
9S 0.1606060[°00 -0.?$00000[-0] 0.7002_4d_*08 -0o5740606Eo00
46 e.1270000[oee -e.4067001[-01 0.ssssss1E*oo -0.4761_35_o00
97 "$.1270000[o00 -e.4067001E-0| 0.6354_1E-00 -e.6761902_-00
96 0.99_8495[*01 -0.4095002_o01 0.4462666E,00 -0.4437007[o00
99 0.7026457E-01 -o.z026000[oee 0.ss05587[*ee *0.0117067(oee

UO_IqAL_ZZNG CI'ECX (0_AI_'TRAL ONLY)_ 0.5995540_,00
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%....1

NATURAL FW[QUE)4_Y • 3196 ["[2

CZN4E'i_AL ;kEJIT|A IL_ORMAL_Z_..D: F&CTOR " 0.62_244_*01

............ INPUT ............... D I _(_*l;t A L N_tMAL _ Z[D ......

Station D_sellcoment S_epe Dl|jlscement S_ope

1 -0.)00H00[-01 0._858000[*00 -Q.62926&6E*I1 8.306_28_E*01
2 -0.$75_000[*00 0._830000[*0Q -0.3&l123_E*al 0.3039_0[*01

5 -O._k02000[*O0 O._a)_O00[*O0 -O.28_S782E*al 0.$05252_[*0L

4 -0.5618000E*00 9.4_75000_*00 -0,2276606E*01 0,28154k_*Ol
S -0.215&OOOE*O0 O.427_OOOE*OO -O.I$&2807E*01 0.2692S36E*O!

6 -0.215_000[*00 0.427_000(*00 -0.15428071[*0L 0.2k92.536E+01

7 B.119+000[*00 0,3_62000[*00 O.75_4k_OE*O0 0.24930&6E+01
O 0,1759000[*00 0.58+S000[*00 O.IO+4P.55E*OL 0.2450107E*01

• 0.1759000E*00 0.$8+5000(*00 0.10$_255[*0! 1.24S0107E*|1

10 0.3224000E*00 0.3S08000[*00 0.2028644E*OL 0.22S7725E*01

11 0.3937000E*00 0.3540000[*00 0.247753._[*0L 0.210167&E+11
12 0.S2S2000[*00 0.242+000[*00 0,330_71t[+0! O.1&S428_E+I1

13 O.SSO2OOOE*O0 0.2125000[*00 0.$713800[*01 O.155S88SE*OI

Z& O.S+02000E*O0 0.2123000[+00 0.371SSOOE+Ot 0.153S88SE*01
1S 0.6_50000E*00 0.1S16000(+00 O.&O46O_l(*OL 0.1S$$$46E+10

16 O.&421000E*O0 0.6S65002E-01 O.&O_O57mr*o! 0.412_752[*01
17 O.&192IOOE*OO 0.1S4SOOO[-Ol 0.58_281[*el 1.846333S_*01

18 O.SG02000E*OO *O._&34000[-01 0.$$2S026(*01 -1+27+2S871_*00
)$ 0.S47S000[*00 -0.S347000E-01 0.3445115E+01 -O.$36&STOE*i$

20 O.S027000E*OO -0.7_61002_-0! 0.S165211[*|1 -8.S022001E*00

21 0.436S000[*11 -0.1056000E+00 0.27466S2_+01 -1.664_821E+00

22 0.35920eoE+oe -0.1242000E*10 0.226024S[*11 -8.781S21_d[*eO
25 0.304+eoo[*OI *0.1521000E*00 O.IIISSik[*I] -0.831231_[*11

24 0.2738000E*00 -0.13S2000E+18 0.1722871[+1| *l.iSO7386[*ll
2S 0.23+5000[*40 -0.1374100E*10 O.lSiTOiOE*O! -I.IkiSSliE+li

2k 0.25+S000[*00 -0.3_74000E*00 0.|507044E+01 *4.&64S816E*IO

27 0._843000_*00 -e.x38_oooE*eo 0.11S96_7E*01 -0.8706743E*00

26 +.1539000[*00 -0.|36_000[*10 0.142._581[*U *I.liO806SE*lO
25 O.ISaSO00[*01 *O.lS3$OOOEeeO o.S402063E*oo *e.842s.%slE*oo

30 O.S&4OOOOE-01 -0.1285000E*10 O.342368+E*O0 00.8075207_*10

51 -0.1S2_ooeE-I1 *_.Xl_seeoE*ee -O.9_I22_7E-O| -e.722572_d[*eo
32 -e.8222517E-el -e.io120ooE*oo -0.S17427_r*00 -e.&si75s_q_+ll

55 -e.134SOOOE+OO -O.8+11997E-el -1.871S05_E*00 -1.$60782;E*11

3_ -O.178)OOOE*Ol -+.80349+_[-el *l.11206&_E+el -i.SOSSSPM*ll
3S -O.2_22000E*eo *o.?$22001E-e| -O.ISSS2S7E*OI -0.460752_[011

36 -0.2427000[*g0 *l.6k6kO01E-01 -_.1527176[*01 -0.4181_S$E*00

37 *o.270e$ooE*eo -l.S+S_O00[-el -0.16981S+[*11 -I.$771691E+lO
$8 -O.25&680OEelO *4.53320eeE*el -e.lessTs_[+11 -_.3_S_131E*10

S9 *o.2_6eeo[+oe *e.s352oeo(-el -e.los37s_[*el -e._3s_131E*ee

40 -O.30OTOOOE*O0 -0._601800(-4| -4.1892134J[-01 -0.2655|$3E*11
41 -o.3o_eeooE*eO *e.s44eeoo(-41 *e.l_lz_e3[*e_ -I.2421_61E*II

42 -e.3e3_ooeE*eo -o.sosloeo(-ei -0.1112273[-11 -e.z+o724eE*eo

43 -o.30010oe[*eo *e.2121000EoOl -4.1844s62[.el -e.13546271[*eo
4_ -e.2_oeooo[*eo -e._s4_oooE-02 -e.1625143_[*01 -e.s4142806E-el

4S -I.277800eE*eo 0.4052599E-02 -|.174404]E*el 0.2S377421[-41

• 6 -e.254seooE*oe 1.2o2oeooE-ol -0.162_S_6E'01 0.12710731['10
47 -0.2370000(*00 0.3S28000E-01 *O.IdSt$O_t[*|! 0.221_7_d[+o0

44 *o.211600eE*ee e.4_ssee_E-iz *0.1332739_*el 0.$14307_[*00

49 "1*1821000E*00 e.&427917E-ol *e.zl4s_s_[*el i.4144781[*ie

$8 *o.147soooE*o1 0.7471018E-I1 *i.9281153[-01 1.47004S6E*40

51 -0.1102000[*00 O.O3SOOOSE*el -0.6954275E*10 1.S2S41_2[*10
$2 -e.s784119E-11 I.I171911E-I1 -0.4271959E*ee 1.s771421_-ee

s3 -o.1602ooe[-11 l.llllOlO[*ll -e.113389_[*10 0.6S42782E*0i
S_ O.$$1_oeoE-e| o.112seeeE*ee e._469SIE*O| e.707_eooE*eO

Ss O.I3&SOOOE*IO e.llS_oeoE*oe o.146555_E*ee I.?SZStO0E*01

$6 O.]&8$eeOE*lO 1.1216110[*10 0.11_4_*01 I.PS&8646J[*ll
S7 e.24330eoE*ee e.l1940eeE*ee e.zs$0_SlE*el e.7SlSlOOE+ee

sa e.243seee_*ee e.ll_4oem[*oe e.lssegslE*el e.751518eEeee

$9 e.2_22eooE*oe e.llS.Sooo(*ee e.lJ4_67_E*ez e.P4S6S46E*et
6e e.2917oeoE*ee e.ll_OeoE+oe e.lossses[*01 e.75244esE*ee

61 $.5614000E*00 4.1o9_eeo[*ee O.221116_d_*el I.t_SS]+l_V*ll

+2 0.3as_eoe[*oe e.lls_eeeE*ee e.2_2SlOS[*el I.+S$ISSTE*ll
_5 e.41_ooo[*eo o._Toeoo2[-ez $.2607MgE*el 8.61S4011E*II

64 0.4$01eooE*eo e.+s66eee(-o! e.2706Me[*01 l.SS_se_Eeel

ts o.4sgoeoo[*ee e.sso6eeoE-el 0.28_5266E*11 O.S3523S_d[*el

66 e._82_eoo(*eo o.77o4oelE-41 o.$o,ut621[eo! o._9so2171[+el
&7 0.$235000[-e0 i.sTi3eoo[-el i.$306679[*0_ 1o3S_J_ls_o[*ll

t41 o.$6_seee[,eo I._S41OOE*II I.$4S_SSSE*I! O.225_2S_E*eO
&9 o.ss69eooE+ee e.2se2080E-I1 I._$164471[*11 0.1s74369E*00

70 o.$_37eooE,ee 0.1S2_000E-01 O._S_70SOE*el O._61_SSE-OL

71 I.S&61100E*I$ 0.|122000[-12 I.$$621S_4r*11 e.71+l|22E-12
72 0oS642080_[*00 -0.46t4001[*12 i.3SSOI+?E*i| *0.289704Z[-01

73 e.ss7soeeE*ol -e.1616eeoE-01 o.3s08essE*|l -e.leli_SgE*eo-

7_ I._STseeeE+oO -o.16160eo[-el 0.1soaes4E*el -e.lei68sg[*ee
7S I.$4_7001E*00 -0.24_8000E-01 O._4S89S7E*01 *0.1s71_s3_*el

?6 e.sl_6eeOE*ee *e._9?seeeEoel e.$2sset1E+e! -t.$1504_lE*ee

?7 o.4_6$00m[,ee -e.s675010E-e1 0.$122_5_E*01 -4.qt6170S[*eo
70 1.4S_7001E*IO *e.683_gE-01 0.286117_[*01 -0.42_962_E*11

79 I._62000E*15 -0.7025001£-01 0.2807MI4E*01 -e._l$1e_[,le
80 1.434o100[-10 *4.TSOS998E*el O.27se92|E*el -o.4S_7?..q&[*tO

81 8.3460000E*00 -I.8059999[-01 e.24284183E*e| -0.S05_12_*tl

82 e.$735tee[*ee -e.8175OelE-el e.23_6_E*el -i.$14281sE+11

8.$ e.3a42e$0E*eo *e.8s81_99(-01 e.216s6s_*el -|.$274521_+1e
14 1.S025101_[*01 -I.4SSSt_71[-01 o.19e5464J[*01 -I.$$73116E*11

IS e.26sTeoeE*eo -e.&soe_9_[-e! e.16s_51_[*01 oi.S$4_2e6E*ee

16 e.2o22eoeE,le *1.815S_[-I1 e.1272335_*Ol -i.SI94561E*ii
87 e.1417eooE*eo -0.726_100E-I1 I.OSlI$gS[*IO -I._S71831E*II

84 t.161700e[*eo -I.7264eeeE-|l e.l_1639s[*oe oe._sTes$1E*ol

90 1.22_6000E-I1 -0.3_62000E-I! 0.142461t(*t| -1o24_S066E*11

tl e.1616011E-O! -o.$714eleE-II 1.101s6eeE*ll -1.25570131[,01

$2 0._7769_6Eol2 oe.$_s_OeOE-Ol e.&ls2121(*ll *0.2176SS6E*Ol

_$ -i.2282000E-el -0._$|4800E-01 -I.]43SgSSE*tl *e._2e_37_d[*4e
14 -e.so_so00£-O! -I.2SSS100[-12 *1.317_SS4_[*il -0.97847471[-02

95 -e.7292002[o0! 0.]9470081[-01 -I.4S_l_Sl[*oI 0.12251StM[+@I

_6 -0.8a11_[-|1 e.4_7_eoet[-el -e.ss_$eeE*e8 o.2_92537E*ee
97 o_.8811958[-0! e.427_OOOE-01 -O.SS_4_OoE*ee 0.2692s37_*e0

98 -e.77139_7[*01 0.4720000[-01 -e._s398_E*se 0.21?$0$es*eo
91 *e.6_80e1[-e1 o.s177eoo[-01 *e._oS?3&_*ee eoS2STS_*ee

NOIt_LIZINO C:t4_CX (0|_L ONLY)= |.1999971[*10
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NATURAL F_[QLJ_q_ • _307 HZ

_AP_rTRAL [k__RTZA k_tPOAL%_[D: FACTOR • 0.$0679_0[*$1

............ [NP!JT ............... OZlI_'PllAL _ZZE_ _----

Stxt_an 918Jlaceaeflt Slope Dlspllellllent Slope

1 -0.1000000E*01 O.5&7_0OO_*00 -0.S067qSOE*I] 0.28700_r*01
2 -0._$q7000[*08 B.SkkOOOOE*OO -0.20324A_E*O| |.28&8444_[*0L

5 -8.$6S6000E'00 0.$6_9000[*00 -0.A8_'0| 0,280729_[*0!

-0.2_qOOOOE*O0 0.4902000[*00 *0.126|91_.0] 0.2_8_299E+01-0.8998_6E-01 0._0q000[* 00 *0.G2S9SS._+IO 0.2280061E'01

i -0.8598998E-02 0.449q000[*00 -i.4_6_3_*10 0.228006|E*01

7 O.26&&O00[*O0 0._95000E*00 0.1940974E*0| e.19729_41[*01

4 0.3181000E*00 0.3770000[*00 0.26121ME*0| 1.19|OkO_[*O!
9 0.318L000[*00 0.3770000E-00 O.Z&|21t0E*Oi 1.19106ti)1[-01

10 0._289000E*00 0.3238000[+i0 0.2173+3_[*0| I.i&+099K*0!

11 I.+GMOOOE+O0 0.2637000[-00 0.237_*01 1.1457771E*01
12 0.S01_000[*00 0.1778000[*00 0.2543095_*41 0.9010780_*00

13 0._557000[*00 0.1111000E*90 0.2_1q07_'01 l.S&30&71E+il

1_ O._dS$7OOOE+iO 0.1111000E*00 1.2_513_71[*11 l.S&30671E*OO

1S 0.02_8001i_*00 I._lS&OOOE-41 1+21028S6[*01 0.2100211"r*00
l& 0.3070000(*00 -0.$7_9000[-01 I.ISSS&SR*Ol -1.189_9i7E-10

17 0.1950000[*90 -0.7517001E-01 1.9e11013E*00 -1*07082000v*18
18 0.3118000[-01 -0.9_000E-01 0.104i181E*9t -e.07097&tE*90

It 0.2098000[-02 -0.96S_i00[-01 i.1065201(-01 -9.6791_21E*00
20 -0.8q93000[-01 -i.90q&l§O[-Ol -O.0SSTM_[+li -1.4614770E*0i

21 -0.2010010[*e0 -9.7380916E*11 -I.lO21tqIE*11 -I.3760&_*11

22 -0.3010090E*00 -0.4175000[-11 -4.1527981[*11 -I.2116867[*10
2_ -O.3071000[*O0 *o.1334oo0[-01 *0.18o17571[*01 -1.678OM7_*Ol

26 -0._66100[*00 0.S770999[-02 -0.19S9205qr*11 1.2t27296E-01

20 -0.41+0000E0i0 0.2872000[*01 -0.2114201_*11 1.144S51_[*00

2& -e._IGOOOOE*OO 0.2672000[*01 -0.2116201M[*01 e.I_SSSe�E*O0
27 -0.4S39000E'00 0.&989990[-01 *1.2_103.5_*il i.3062682[*00

28 00.&TS7900EeeO 8.9090997E*01 -l.201Ml_*11 l.SÙ12(dl_*lO
29 *4.(_040000[*00 0.101000[*10 -1.2_7114_*01 0.6939981(*00

30 -1.690S000[*00 |.1575000_*00 -Ù.2_AL_8|_[*11 1.696_40_'00

51 -9._718oom[*00 0.1J_soo0[*1o -1.2551o40[*11 0.8200s91[*11

32 -4.6396oo0E*00 o.14_20oo[*o0 -1.2197154_*01 0.9qqc127_'01
53 -0.3479000[*00 0.200&leO(*0Ù -4.196281N*11 o.lo16626[-ol

54 -4.34370oo[*o0 o.21110o1_[+00 -0.17618_7E*01 1.10198SH*01

• S -0.2952000[*00 Ù.21MOOI[+ÙO -I.149610_ae+11 0.110M6_[*ti
$6 -0.2_31110[*10 0.22_2000[*11 00.17.52010d[*11 0.11_1297E*11

37 -0.148200o[-10 1.2007004[*00 -o.0s$71_d[*ll 1.1169171[°11
38 -l.lS]O000[*lO 0.29560001[*40 -1.663490_M[*10 1.119601_d[*11

_9 -0.1510000[*90 0.2ss_oe0[*oo -0.66_0944M[*10 1.119611_d[*01

40 *4.sq_soee[+el 0.25s6000(*01 -1.$1120414E*11 0.1192996[+11
41 |.1278000(011 1.25_3000[-11 0.6476814_-01 8.118741J[*11

_2 Ù.Ss6seomr*el 1.2321080[*_0 1.43_o&Jl_[*li 1.117_2_6E*el

&s 0.1044000[*_0 0.2266000[-11 1.486787_v*11 1.11s701s[*el

64 0.2552000[*00 0.222ooo0(°00 0.1181861E*11 1.1120610[*11
45 0.2909000[*04 0.2131000[*01 e.1495610[*01 1.1179970[*11

_6 O.3&270IoE+Ùo 0.2002000[*00 0.18M104_-01 1.1114S90[*11
47 0._11_010[*00 0.186100o[*10 1.2121421E*11 1.969141Jur*11

44 l._TO9llO[+lO 0.1715000[*10 1.234404_*11 I.d_SItJI.S[*ÙI

49 0.S19k000[+00 0.1525000E*01 0.26302_*11 1.7728090[*00

SO o.s61ee$0[+ee 0.1210000[*00 0.2847163E*11 i.6s$7&51_-00
S1 0.$961 oo0[.00 0.10ssoe0[*ee 0.3021_15,r*11 l..,_.546660E*ll

02 1.616_010[*10 i.ll7?O05_v-ot l.SZ_k919[*ll 1.61903671[*11

$3 l.&2._0108+oe 0.46q4100[-11 0.$171S11E*11 1.23PIM6[*tl

54 e.kl5oeeo_*ei *0,114S000E*11 0.3106641[*01 -9,SI12780[-11
_S 1.+701000[*00 -1.7110000[-11 1.211692271[*01 -l..561S2'SM*ll

S& Ù.S2_OOOOE*00 *0.1076000E*00 1.2i&S758E*11 *l.S9S$191E*el

1.6699011['10 -4.|377000E*1| 0._581420[*91 -1.6971._16[*11
M 1.4699000[*11 -1.1977000[*11 1.2341_20[*11 -I.69FOS_OE*ll

69 e.466soe0[+ee -0.1471080E*01 0.2207760(*11 *1.7404923E*10
61 0.6064000[*10 *0.1611000[*11 0._1s1,971[*11 -e.II6460_E*II

61 i.$ÙOIIOOE*10 *e.lo+sooo[*eÙ 0.1S2197_[-01 *8.s_01690[*11

62 t.2921100['00 *4.1989000[+11 0.117&266[*11 "1*1004111[+11

63 0.16460061[*00 -1.2080000[*00 e.8054396[°11 -8.L106666[°01
66 e.127_000[*09 -e.2130000E*oe e._+_,66410[*e0 -eo107q6691[*11

60 0.6600000[*01 -e.2196000E*00 i.229242_v*10 -0.1111qlq_*li

66 -0.289611i[*01 -0.222_000E*00 *0.14972kS[*00 *e.1127106[*11
67 -0._87_000[*00 -0.221_000E*01 *0.9497910[*00 -e.1122060[*01

64 *i.$2160il[*lo -0.2099000E*$I *e.I044_IE*01 *0.]163704_*1]

It -e.4osloo0[*o0 *O.19990O0E*O0 -e.2esselm[*el -o.le13o7_*Ol
70 -e.4661000_*e0 -e.le96000E*oe -e.25621950r-01 -0.960879s_*e0

71 -O.S_SIO00[*O0 -0.2717000[*00 -0.27&2021_*01 *l.1791&ME*n
?2 *e.s720000[*ee *1.1635000[*00 -1.2_11196[+11 -e.82709_I_*00

73 *0.6270000[*00 -0.1_000[*00 -0.3180126[-01 *0.?$23100[*00

74 -e.6270000£*00 -I.I+9S000E*el *0.$189126[*v+ -e.73231&0[*eo
70 -0.66618014['00 -O.128&OOOE*99 *0.$$70744E*01 *0.6017304_*00

7_ -1.7026000[*ee -e.7039997[-01 -e.0413110[*01 -e.s0181771[*00

77 -e.7616000[*ee -0.$697000[-01 oe.3409700_*01 -0.2&87200_o00
70 -e.7679000[*e0 *e.2190000[-01 -o.s9u6z_*el -e.1119951E*01

79 -0.766_e00[*el -e.2049000[-01 -1.54184061£-11 -9.71Lso21J"r*ll

I0 -0.7699000[-00 *0.$222000[-02 -0.3671091[*01 -e.2_46673[*01

&l -0.7_47000[*00 0.2647000E-02 -I.$776MTE*Ii I.Z041441£*10
12 -e.7561000[*ee e.3344000[-01 -o.370oso_[*el 9.1717016[*00

89 -e.7109000[*90 e.4_77000E-01 oe.$&o2791E*el 1.2471&2_N[oll

&4 -0.&641000[*09 9.709499_E-01 *I.SSAS4d_*91 I.SS&S21J_*II
45 -I.623110iE-91 e.lsee0_0Eoel -t.$107826[*01 I.&Sll247[*11

46 -0.$399000[*e0 I.]i26110E*li -0.27301_*01 I.S]99690E-9i

07 *l.4_(6ii0[*ti 0.1131009[*09 *1.220_211[o91 1.0791820[*0i

84 *1.6666000[*01 e.1131o00[oee -1.2255211[o11 0.$701821N[*00
I_ -o.$2keeoeEoeo o.11_1oo0[-91 *O.lOS2144E*01 o.$7820o7E*eo

90 -e.2oseel0[oee e.le_3eeoE*ee -e.leso_2sEoOl i.s2os002Eoll

91 -e.1800000[*oe o.leo6o00[*09 -o.9078384_ooo 0.S0940_1M[o00
92 -o.1731000[o90 O.968O99OE-Ol -e.8772087_oeo e.6906262[ooe

o3 *e.4710002[-01 e.72o_qsq_[-ol -o.4_1822_oeo 0._601_50rooo
94 *e.867&eoo[o02 e.&187000[-el -e._$9693_[*01 1.2121962[o01

90 o.63489q_w[-e1 e.l_$70eoE*e2 0.$257900[oei i.728211_d[-92

96 0.Z229000[oee -o.&so2eooEoel 0.6190o10[*oo -i.22_is_2_*00

97 .0.1229000E*00 -9.4_02000E-01 1.6190180[°11 -O*221LSS_r*OI
98 0.21_0000(o99 *e.ssaooo0[*el o.0400o4_,eo *I.281206_*II

99 0.1020000[*00 -O.&61899qE-O) 0.$2014.53Eo00 -0._119996[o01

OHALZ21NG _t_X (_I_L ONLY)= 0.9099990(*10
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NATLMAL FRE0_rNCY • 56|S H2

DI_4ETltAL |_r_TIA _LIT_n: FACT_ • 0.606S35|E-01

............ INPUT ............... D ;6_r'_ULL _LZ ZI_ ........

S_Ot_on DispLacement Slope D;sploomat $1ooo

] *e.looooooE*01 Q.&S71000E*e0 -0._0&S3S1E*0L 0.26715&2_*01

2 -O._2Q]OOOE*O0 a.65_kOBOE*H -O.|?078SSE*I| 0.266117gE*01

$ *0.214S000(*00 O.6SIIOOOE*O0 -0.1OtS2SSE*il 1.26_69SOE-41
4 -0.1552000[*00 Q.$1200OiE*10 *Q.S41SO_TE*01 0.208)660E*Q!

S O.$6kSOOOE*O) 0._.588080E*00 0.14891S1[-ee e.|78587st[*01

6 _._66s000[-4| 0._3_J8000[.08 o.|_11sIE*ll I.|78.587r_F*O|

7 e.3kOSOO0E*iO 0.3_&30i0E*e0 0.166_7_6_-01 f.1367|77[*0]

6 0._0_S000E*00 0.3166000_-00 e.166663CdE*ei 0.1287090[-01
5 o.&o_soooE*oo 0.3166008E*eo 0.16_e3_-01 0.1287090E*0!

10 0._32_000E*00 o.2ssloeoE*4e 0.17S785_E-81 0.9675641[*00
13 0.4ilSOe0E*0e 4.182_oeoE*eo 0.167285_*01 O.7_SSS3_E*4O

12 6.2771000[-e0 O.Sl0100oE-el 0.112k50_-01 |.2075736E*00

15 0.15_8000[*00 -0.1522000E-01 e.sk_s361[*eo -e.7415603[-01
14 0.15_4000[.e0 -0.1522001_-01 e.s_83361[*00 00.7813&05_*01

15 -4.57s0000(*_1 *0.7715002E*OI *I.2537S77_*II -e.31556|kE*0e
lk *1.2801000[*00 -o.||300ll_*li -4.11S471_-el -I._S_S4_G[*O0

17 o|.4600000E*O0 *o.ieqLooo_*eo -8.1870961(*el *o.4d_749q_.oo

18 -0.6&£SOOOE*O0 -o.k825000[-01 -O.27|_SSTE*II -e.2776228_*00
19 -o.7000eeoE*oo -0.s70_001_-41 -0.204S7_-el -e._51_$76[*00

20 -0.7989000E*eo -e.lsgtoel_E-el -8.5247881_.01 -e.s68742_E-01

2] 04.8976000[-05 0.ss07001_-01 -e.$64_iSg_eel 8.21S7_8_JE*00
22 *O.S_S0000_*O8 O.IL_SOiI_*Oi *O._I_ITSTE*01 e.sso4s.s2£.ee

23 -O.9&670OOE*OO 0.154S08_E*08 -0.3444664[-01 |.TS0?lOSE*00

2_ -e._$oooo(-ee O.3_07|OOE*|I 00.SI3562ur,01 0.tS78766[*44

25 -0.1532000_*10 0.271SliCE*el -O.$7$ST_L_O1 0.111574SE*II
26 oe._332eoo_*e0 e.271soet_*eo *e.$7_STIL_*II 0.110_7_5(-el

27 -0.900S000[*08 0._$500e_-00 -0.$_61t4_-tl 0.1371374[,01

28 -i.8_?oo0_*l$ 0._dl$OOin_*lO -0.34S826_*11 i.|SST0_[*i|
25 -e.78_2ooeEeoe 0.41s$0osE*eo -e.$11te_4_.el 0.1?06601E-el

so *0.750_ooeE.oe e.416seee_*oo *e._71s6s_-01 e.lllse_*o!

3! -o.ss?soJeE*oe o.sso_oooE*eo -i.2508SO6E*01 8.l_21k6_E*et
32 -e.lloleeeE*ee o._lseel_*eo -I.IS4SI_I*II O.ISSOILT_*OI

35 -O.Z271eO0[*00 I.$&SI00OEeOI -I.gls14)_-ee 0.147_s_1[.01
56 -o.lo280eoE*ee O.3SOlOO_E*OO -I._lTS]41E*OO o.1_2s27$[*o!

35 o.13osoeoE*el 8.338100_E*O| I.S317441EoOI e. 157641s_*et

36 e. 12_2eeo[*e, o.3260eeleeee |.seesst_,ee e. 153.s$04E*01
57 $._73000[*OO e.3|3S|OI_*IO e. _26es4_*oe e. 127_7E*el

38 O.3253000E*OO e.30es|ol4E*ee e.ls2_so_.el e.122eo2_E*el

$$ o.$?.s3eoe[.ee 1.3o03e00_*lO 1.15224S4E-01 1,122182_E'01

il 1.3122001E*ll 1.2770011_*10 1.1672_71[011 1.11261|1[*§1

_2 O._IS_OOeE*IO 0.227SOO_E*OI e.liSSlisIr*eL I.$2_AI67S_*Ol

45 e.4e$seeeE*eo e.l$96eeo_*eo 0.1_4e361E.ot 1.8106311E*II
46 O.3_I_IOOEeIO 1.16sToel_*ee e.lSS3.UT_el 1.66s_oIE*II

45 o.$43sooeE*ee 1.12_600N*io e.z3seeT_÷e1 I.sItS627E*II

66 8.284s001£-00 e.7_16OOlEoeZ O.llS_Sg_lr*el e.3_lTSlSE*ee

47 0.21?OOO0E*O0 e._s610el_-el e.lls43s6_*ee e.ls6965_*ee
c,i e.l_lioel_*ee e.l_51eeoE-02 I.STSiZISE*ll e.seo4647(*e2

4_ O.SS66eOOE*01 *4.325eeeOGoOl e.217s.SST_*ee -o.ls37seeE*ee
SO *e.3assooeE-el *o.siS4Oll_-ll -o.IS_S4_4EiOO *l.22_041tE*eo

$1 -l*|33_l|l[*ll -4.7_3S001[*11 -t*S4_llll[*ll -1*_83S6|[*00

$2 -I.2S2SIII[*II *O.1617II_E-OI -l.946t2t1*t8 -I*_L_IiII_dE*ll

["5 *O.54tuel_*ee -I.gSOS99_oOI *o.IiZI247E*I1 -e.s86_szsE*eo

_4 -l._|28000(*ll -I._J4OOl_-II -0._01171_*11 -I._dll4_i[*lO

SS -I.6770000(*ll -I.7230ttTE-ll -I._7S22_v-41 -t._St6S_E*ll
S6 *l.7719000[*il -I.4741180[-tl -8.3138044_-01 -I.1927S&_-00

$7 -I.847&lllE*lO *4.lll2lll_-I| -I._I4S?IIE*II 01.7S6641_E*11

SI -4,8476080[-00 -t.I81211_E-IL -e.364_751£*ll -0.7S66413E-11
$9 -e.86S7001_*t0 -0.6911111_-12 -I.U1$ST_ill -I.28011S6E-01

60 -t.lgl2lOO[*ll I.l]9llll(-I! *1.$&18176[-01 8._!712_1(-tl

Jl *O._OltOllE*ll l.Si2Jll_r*tl -0.3666541(*01 1.5'5_t7167[-10

_2 oO.4_6_ooe_*oe I._ITIO3E*oI *e.st_lll_*el e.s_17742_*ee
65 -I.l_136000[*tO i.l_16110_*lt -l.3S$2144_'01 1.44_6270['08

64 "l*Si_SOO0_*Ol 1.12i6OO0_*Ol -O.ISiItSlE*Ol I.SINiO_*II

66 -I.8LS2OOO[iIO loISS7IIIE*IO -0.$$14074_-01 1.6S2_TS3E*ll
66 *t.76SIIIO[-II 0.|794001_-00 -I.]11041ME*ll 0.7_245q_-00

i7 -1.£_08000[*11 1.2271111_*11 -e.2si1171[*el 0.92s4957[*o0

44 -i.iS97000[*II 8.2614011_-01 -t.1868841[*11 1.116218_1_-0|
6_ *e._s44elee*ee e.2746eol_*eo -e.l_61761_*el 0.111634S_'0|

78 -I.212_OleEiil 1.2824001_'00 -e.leieTOl_*el o.11440ss_*el
71 -0.1520500E*00 I._411lil_*tl -1.S39871_E-00 e.l17607_*01

72 -0.7824999E-|1 O.288100R*il -0.$1011S7_-00 0.1174073_*01

75 1.391SeO0Eoel 0.28S6OO_E*Oi 8.1S91SIS_-00 t.1161e6_dE*01
74 0.3SIS0e0[-01 e.28s_eeoE*ee e.ISIISSSE*I0 e.ll&le6_E*o!

7S O.lSeTteo_*oo e.2?geool_*eo e.s$1$4]_*oo e.115744s_*11

76 i._14SllO[*ll 1.24_6001_*1i I.iS65151ur*01 1.2_14Sl:J_*ll
77 J.lSlSlI0[*II 1.2Z820t_E*tl i.1151141E*11 0._27715_*10

71 I.S70_lt0_*ll 0.1894e00_*e0 e.2511176_*01 1.769977&[*ti

79 e.sgolloeE*le e._81soel_*oo 1.241111_E*tl 1.7$?0_ll(*ee

li i.6178000[*0i 0.1_41e$1_*tl e._SllST_*el 0.6_3_156E*0e
11 1o7156i1§_*il 0.122S011e*11 1.2861_11[*11 1.49111SS_*I0

12 0.711&Ilia*If 0.11161tlE*II 0._21S_1E*01 1.649627W[*11

85 t.7408011E*00 1.84S9115_v-I1 0.3114S6N*11 I.$4S8_11E*00
14 i.7S6t110[*15 1.13-_101_E*l| 1.$07706_r*11 1.175|126E*1i

IS e.7s_sleoE*ee e.9766001[-e2 0.30676_*01 o.$96_H[-el
86 1.7530000_*00 -e._mo,l_-o! e._57_oZoel -e.1621265q_.08

87 e.676100_E*oe -e.IS81001E-01 e.2744ssM*01 -e.34_8478_*oe

14 0.67_loeo[*oo *e.ss810el[*01 e.27_L58_*OL *1.3_68478E*11

II I.|§78100_-I| *1.|24_110_*11 i.22671S_E*0L *l.S17712_d£*ll
_1 I.I|SSII_E*tl -I.ISZIIII{*II 1o|6_1_72E}11 -1.6113411(*11

_! i,_211tO(_|l -t.|_711_'11 O.|S_IIS_IE}II -1.614S|71{-II

_2 0.$69S000[*00 -1o|4_ilOIE'II IolSO2147E*Ii -0.119112_E-00

94 o.lllseeo[.oe -0.841s997_-01 1.4E_tsoi_.il -0._21s98[*ee

9S -e.13sseee[*e| -e._61eeo_-el -e.5508sssE-e1 *0.12057s0£*00
_6 -e.1201ooo[-eo i.$4_!910eE-i1 *l._2cAi4_.oo 0.1418401E*00

_7 o6.1201000[*00 0.340_oel_-e1 -e._2_8_oOe O.l_18_01E.oe

_6 *e.11_eeooE*ee e.s3_600e(-el -4.4,470:2_1E*00 e.2195665[*le
_I -e.l122000_oe8 e.73_79_7E*el -e.4s61325_*oe e._eeTs_sE*oo

_m_LZZZ_ _4ECX (D[a_rl'll_L ONLY): e.leeeooz[,o!
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ATOHPO'TP _,I_SJ_R/4ALZZAT|ON OUTPUT MAX (X-Z) STZFlC___ PLA/_d[

NulIDl_ of mo4as: 4

/¢4_moer of Itltions: 56

$titlon Data

STA. AX|AL t_|0l._ D_AL _ DZ_L POLAR
No. Location Clb) (lb*lnme2) (ID.$1oli2/lfl) (l_-lD-iloJl2) (ln*L0-$eoel2)

! 0.1 O.O $.0 I.O |.| 0.0
2 1.$00 0.1181050[*02 0.k659995[*02 0.3056419(-0| O.)5&$147E*O0 0.3126293(*00

5 1.59k 0.8 O.0 8.8 |.0 |-|

4 L.Sgk 0.| O.I O.I |.$ |.0

S 2.800 O.I O.l |.0 O.O O.O
£ 2.000 0.0 0.0 O.O 0.0 0.0

7 2.330 0.0 0.0 0.0 0.0 0.8

O 2.330 O.O 0.0 0.0 O.O 0.0
9 2.52k 0.| 0.$ 0.0 0.0 0.0

10 2.653 0.8 0.0 0.0 0.0 0.0

11 2.510 0.1800000('42 0.S000000E'02 0.2547992_-0! 0.|295996['00 0.2547992E*00

12 3.018 e.6440000E*02 0.6467000[*03 0.1677011[*00 0.16736S6[*0| 0.3347307[-01
13 3.81& e.o i.o 0.0 0.0 0.0

14 3.816 0.25918S6E*01 0.3602966[*02 0.619010.38-02 0.9524449E-01 0.1864890(*00
Is 4.31& 0.6_77789E*01 0.945JJ6_*02 0.1676447[-01 0.24473771[*00 0.449475_[*00

16 5.128 0.3319255['01 O.43541]_E*02 0.6590203[-02 0.I12s284[*00 0.2250576[-00
17 5.711 0.30220S38"02 0.1_75455[*05 0.78226038°01 0.38|5300[*00 0.762S600E*00

15 0.401 0.278_&50[*01 0.24451838-02 0.720k£ooE-02 0.7477182[-01 0.1455436[*00

15 7.711 0.3252487[*02 0.1005521E*05 O.AS2O52SE-Ol 0.4164510[*00 0.8525421E*40
20 8.451 0.2784420[*01 0.5S35605E*02 1.7206050[-02 0.9150150[-01 C.IO5002k[*OO

21 9.59_ 0.1450275['01 0.15S7262[*02 0.3701641[-02 0.&806579[-01 0.9613156[o01

22 5.$54 0.2725355[*00 0.35550216"01 0.7063299[-03 0.9158558_-02 0.L831752[*01
25 _.$75 0.42177-$3['02 0.$421585['05 0.1104341[*00 0.1603051['01 0.2804103[*4L

24 5.578 0.1207663['01 0.1646078[*02 0.3280650[°02 0.4250O38_-0L 0.3520073E-01

2.S 10.431 e.2k21788[*01 0.332442&[*02 0.678516&[-12 0.8603585[-01 0.17207z7[*00

26 11.151 0.2524450[-01 0.505521,rd[*02 0.7565685[-02 0.4005214[-01 0.1601043[*00
27 12.401 0.3278461['42 0.1588918E*05 0.8484626[o01 0._I12107[-e0 0.822421_E*eO

24 15.151 0.3382603E*02 0.42114_-05 0.8754k65_00! 0.10855225!*01 0.2|7584_[*01

21 15.733 0.1117451[*01 0.1515005[*02 0.28920S7[*02 0.391564S[°01 0.7831287[°01
$0 16.233 0.1425S63[+01 0.2077162[*02 0.3659657[-02 0.5375680[-01 0.1075155E*00

31 14.671 0.6950114[*01 0.4446418[-02 0.175844_-0! 0._264085E*00 0.2528107E-40
32 15.77| 0.1063157.£'05 0.1635636[*04 0.2753455[*00 0.42350138"01 0.8466026['01

55 16.563 e.o 0.o e.o o.e e.e

34 11.553 0.0 0.0 0.8 0.0 e.0
35 17.223 0.65500t0E*02 8.6,643000[*03 0.1638155[_00 0.17813|S[*01 0.3562650[-01

36 20.237 0.0 0.0 0.0 0.0 0.0

57 20.237 0.0 0.0 0.0 o.o 0.e
38 20.&40 0.7906000[*02 0.55e5ee0[.04 e.20440671!*00 8.8ss3314[-01 0.1710663[*42

$5 21.&73 0.0 0.1 0.8 0.e 0.e

60 21.673 0.0 0.0 0.0 0.8 o.e

41 22.241 0.16400g0[*e2 0.54500011E.03 e.4347828[*01 0.90520531[*00 0.|806418E*01

42 22.259 0.0 0°0 0.0 0.0 0.0
65 22.513 0.5706o00E*02 0._51000o[*05 0.5551057E-el 0.1444783[*01 |.3365566[*01

64 22.857 0.0 0.0 0.8 0.0 0.0

46 22.057 0.0 0.0 O.O 0.0 $.|
46 25.513 0.3755000['02 0.&576001[*05 0.5821627E-01 0.16s010_(*01 0.3350207[*0|

47 28.261 0.$2830038*02 1.1752000[*04 0.1367236E*00 0.45341638-0L 0.966&s2.sE*01

44 28.341 0.| 0.0 o.o 0.0 0.0
49 28.361 0.12420005*e2 0.2$20oeeE*e$ e.321428£[oel e.6eo4142(*oe 0.12eee28E*el

66 28.513 0.2.$03000E*02 0.4368555[*03 0.44777438-01 0.1135653['01 0.226L387[_01

S! 28.613 0.1850000E-02 e.1410000[*03 0.4757706[o01 0.36_9069[*e0 0.7298|381[*e6
S2 28.715 0.1980000[*02 0.1160000E*03 0.S124225E-01 0.3002071[*00 0.60o4142(-60

S3 20.811 e.2130000[*02 0.1600000[*05 0.s61242_,_-01 0.4140704J_-00 0.828157r.I;*00

54 31.813 1.2175000[.02 0.2706000E-03 0.S628885[-01 0.7000619[*00 0.144O10_-d[*Ol

SS 33.3|3 0.6246001[.02 0o9540000[-03 0.16|6460E'00 0.2427536[*01 0.4455072(-01
56 36.813 0.2353555[*02 0.3700000[*02 0.4052132(-01 0.9575570[-0L 0.151S1164[*$9
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)_ATUEALF'REOUD,ICY:163.8 _'_

............ |NPUT ............... DIA_rI"RAL NQ_4ALZZED ........

St|tlon DlspLocoaont S2OpO D|sPleaoeNn_ SloPe

1 -0.10O0000(*al Q.2_ak0O0E-el *l.|2S_TIS[*01 0.$7_IS18E-01
2 -0.9412000[*00 0.258_000[*01 -e.1220_97[*0| Q.3791S18[*el

$ -O.tS2$O00[*O0 O.2_8kOOOE-Ol *0.1209197[*0L 0.]7_1S18[001
-0.9S23000(*00 0.298&000[-I| -0.|20t_$7[*01 8.$791S18E-0!

S *i.t_8$O00[*Oi 0.2_86080[-01 *0.|19595SE*01 0,$7_|S18[*01

& -I.9_03800[*01 0.298A000[-0| *O.|_SSSg[*OL §.579|51J_*tl
7 -e.9304000[*00 8.2S86800[-I1 -0.1|8134_(*01 1.3791S18(-01

8 *e. S3O6000[*00 0.2986880[-0! -0.1181589[*0| 0.3791S18E-01

9 -|.$249080E*00 i.2986000[-01 -0.1174_0S(*el 0.5751S18J[-0!

15 -0.$245000(*00 0.2?SkO00[-Ol -O.l17640Sl_*Ol 0.37t1S18(-01
1] *0.9250000['00 0.298&000[*0| -0.|171992[*01 i.371ZS16(-0|

12 -0.8877000['00 0.2986000[-01 -0.1127170(*01 0.3791518[-01
15 *e.84620oo[*eo 0.2986000[*0! -0.112272S[*0| 0.379tS18[-01

16 .0.18_2000[+e0 1.2_86000[*01 *0.1122725[*01 0.$791S18[-01

1S -0.1688000(*00 0.290_000E*01 -0.1103171E*0! 0.37_tS18(-11

16 -0.4657000(*t0 8.290_000[*0| 08.107130|[*01 0.3784970E001
17 *0.8211000[*00 0.2986000E-01 -0.10_2603E'01 |.$788_784[-01

18 -0.7960000(*ee 0.2_7_000[-01 *|.IOZOTS3E*O! 0.$776261(*01

19 00.7S29000(_00 0.2566000[-0| -0.9S60060E-00 0.$7407284[-01
Z$ 00.7278000[-40 0.2863000(-01 -8.9241349(*00 0.363S337[*01

21 00.69S0000[*00 0.2854000[*0! -0.842_466E*00 O.3SSAS|3E-01

22 *e.69soooo(+eo 0.2854000[-0! -0.1i42486&E*00 0.3s_8.513[-el
23 -e.6687000[*00 0.2827000E-01 -0.87_71[-00 |.$S_g625[-01

2_ -O.&847000[*oo 0.282700_E-01 -8._7&_871[*00 O.$S4_2SE-81

2S -o.&s47eoo[*ee 0.27_2000[-o1 *0.8_&$941[*o0 o.ss65185E*e!
26 -O.i3S8OOOE*O0 8.2613000E-0! *o.OO&7770[*eo 0.53178_SE-01

27 00.S916000[*00 0.2_07000E-0! -1.7Sl1_2_E*00 8.$)85500[-01

28 -8.S677800(-00 |.2_300ooEoO! 08.7208_$5[*00 0.508SS2_[*01
21 -0,S382000[*00 0.2450000[*il -t.ie3387SE*OO 0.$043S25E-81

50 -1.S223000(-00 8.2330000(-$! -0.6631_82[*00 O._S4SS2[-|]

3_ -0.507S000_600 O.22JSdJOO0_-O_ -_.64_40S7_*00 0.290S222E'OI
52 -8.&71OOSOE*O0 0.216_000E-02 -O.SS4OS_2E*O0 0.27S_120(-01

33 -O.4534000E*OO 0.21_9000E*0! -I.S7&2)gSE*IO 0.275_120E'01

54 -I._S_&O00[*ll i.2169000E-01 -0.S?&2195_*00 0.275_120E-01
5S -O.4$tSO00[*o0 0.2169000E*01 -0.SS80616[*00 0.27S4120E-0!

56 -0.$741000[-00 O.211_OOOE*01 *O.67SOIqOE*O0 0.27S6120[-81

$7 -e.$741000E*$O 0.2169800E*01 -0.47S01_0E+40 0.27S4120[-01
54 -0.565_000[-00 0.216_000[*41 -4.&63_721[*00 _.27S_120E-0]

$1 -0.$_2500_*00 0.2169000E-01 -O.t$S482SE*O0 0.27S&120(-$1

60 -0.542_000_'00 0.2169000[-01 -O.435402SE*OO 0.2754120[-ti

41 -e.Sso_ooo[*eo 0.21_9000[-0! -8.41978_2_*00 8.27S4120E-0|
42 -O.3SO_O00(*@O 0.21_000[*0! *0.61_7842_*00 0.27S_|20(-0!

_5 -e.3258000_*00 0.2169000E-0| -0.4|3_43_[*00 |.27S4120[-4|

66 05.3177000[*00 0.216_000E-01 00.60560_5E*00 0.27S_120[-01

4S *e.si7?oooE*eo 0.216_000[-01 -J.685406qJr_Oo 0o27S_|20[-0|
66 -e.2609000E*O0 0.2169000E-8! -0.3312817['00 0.27S_120E001

47 -e.2o!geooE*eo o.216_oooE-01 -I.2S&234_r*o0 8.27S6120[-01

44 *e.I$96000E*OO 0.21690001[-0| -I.2S366SOE*O0 0.27S4120[*01
_9 *e.|gS6O40(*OO 8.2|6_000[-81 -8.2S364S0[-e0 i.27S4120E-Ot

SO -O.X?e_OOO[*00 0.216_000E-0! -1.248766_E*00 8.27S4120E-0|

Sl -* 19_7_-00 8.2165000E-01 *0.24S9S34[600 0o27S4120[-0|
S2 *u.15ISO00[*tO 0.2169000E-01 *O.2431S91E*H 0.27S_121;'1[-0!

$3 -0.1496000[,00 0.2169000E*01 -1.240413S[*00 0.27S4120[*01

S4 -e._lkO00[*O0 O.Zl&_OOOE-01 *0.1757_87[*00 0.27S4120[*01

SS 04.91769_[-0! 0.21&_ooo_-01 -0.11652_5_+00 0.27S_120(-01
.T_ *e._S46000E-et 0o216t000E*01 -_.2013467E-O1 O.27S_I20E*01

ORIGIHAL

OF POOR

PAGE 15
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NATURAL FAEQ_'V: $/4.7 HZ

............ INPUT ................ DI_AL NORMALIZ[_ .......

S_ltlon D2splloeeent 510=1 DJlpleoeoln_ Slope

1 o:.]O00100E*0L 0.8a52000[-0| -0.96452_6E*00 0.774S4_2E-01
2 -0.81S6000[,00 0.8032000E-01 -O.865&536E*OO O.7745_12Eoal

5 00.8718oo0[-e0 0.80S20OOE-O! *O.S4070?.SE*OO 0.77_$4921[-01
4 -e.87z8000_*oo o.&os20ooE-01 -0.840702- r_*O0 0.77_s_92_-01

S -0.859_000[*00 0.8032000E-01 *0.8094543E,00 0.77_5_12E-01

6 -0.8394000E*00 0.803200eE-01 *0.805_5451[*00 0.774S452_-01
7 -0,8229000[*00 D.8052000[-0! *0.785905S[*00 0.77&3692E-01

8 -$.a125000[*00 0.8052000[-01 -O.783905SE*eO e.776S412[-01

-0.7579000[+00 0.8052000[-01 *e.?kg_38kE _lO 8.77_56_2[-01

10 -$.7_79000[+00 0.8032000E-01 *0.71S4346[*00 O.774S_q2E'01

11 *0.752_000['00 0.8032000E-01 -0.Tk46169E*O0 0.774S492E'01
12 -0.6_75000['00 1.8052000E-01 -0.6750056E*00 O.774S_92E*01

13 -0.J884000[*00 0.8052000[-01 *0.66S864SE*00 0.776S412E*01

14 *0._184000[*00 0.8052000E-01 -0.663,8_4r_*00 0.776S4_+::'_''01
IS -e.+66]oooE*oe 8.802kg_E-II *_.+230S55E*OO 0.77_0670[*0!

16 -l.S76S$OO[*OO 0.7990003_*01 -O.SSSSSkOE*O0 0.77049S1[-01
17 -I.S040000[*O0 0.7_0005E-01 -0._8k0221[*00 0.770_9_1E-01

18 -1.4_20000[+00 0.78_5997E-01 -O._L$SSOSE*O0 0.7612413E-01

1t -_.5078000[*01 O.Tk855_eE-01 -O.2_L82Ok[+O0 e.7609_O_E-01
20 -0.2340000_-00 0.7138002_-01 -O.22_SIO4E*IO 0.6845583E*01

21 -0.14_$000[*00 0.6_6499_[-01 -O._43_744E*O0 e.671654_E-O!
22 01.1415000[+e0 O.k964999E*01 -e.14597_d_+eO 0.6716S49[001

25 -O.l$26000E*eO 0.6928598E-01 -0._278701[*00 S.ktSI836E-01

2_ -e,l$2koeoE*ee 0.6_26998[-01 -e,z2717elE*oe e._keleSt[-e!
25 01.$466000[-0| 0.&733000[-01 -0.527|02SE-0| B.649282_[-0|

2_ 0.8051_9[*02 0.$808000[-01 0.77_477_E-02 _.$600826[-01

27 o.lo_$0oo[*oe 0.S295000[-el 0._0S97_8_-e0 o.S104196E-el

28 _.1_28000[*00 0.6942000E-01 0.1S6992_+00 _._7_S717[-01
29 1.227100oE*ee 0.4_42000E-01 1.2109_gzE*oe 1.476s717[-01

30 e.2,Sg_oooE*Oe 0._S22000[-01 O.2Sot2_2[+O0 O.&36069eE-O!

31 o.28_eoooE+eo o.&347000E*01 0.27_SS91[*00 O-_i_]_41[-I!

32 e.$614000[+eo 0._482000[-el 0.544see7E*oo 0.37_3527[o_
33 o.s_21000E.oo 0.541_2000E*01 0.3781136E*00 0.3743S27E001

$4 0.3_21000E*00 0..5442000[-01 O.5781156E*eO $.$7_3527[-el
3s O.4178000E*OO e..Sd_2000[-01 0.40_8_6_E*eg 0.57_3S27[°01

3_ o.5364oooE*ee e..5882000[-et 0.515725_._*e0 0.37 _3527[°01

37 o.s3440OOE*ee e.3482000[*01 e.SIS723_E*OO 0.3745S27E-01
36 0.$504000(+0_ 0.3882§00[-0| O.SS07&70EeO| 0.$7_5527E-01

39 +.S90SO00E+ii 0.$882000[-01 8.S614366E+O0 1.3745527E-0!

41

41

42
_5

44

4S
_6

47

4_

SO

Sl

S2

S_
S4

SS
$6

I.S+OSOO0[*+I 0.34142000E-01 $.S&94Sk6[*OI 0.3743S271[-01
0.6125000[*00 0.3842000E-01 o.sgoT_dJmr*oe 1.3745S27E-IZ

o.612koooE*oe 0.3842000E-01 0.$90748.5_601 0.3743S27E-OL

O.620+O00E*O$ 0.3482100[*01 0.S987522_*e0 0.$743527E-01

e.63S4000[*00 0.._842000[-01 0.&131207[*00 0.3743S27E-0!
0.63s8000[+e0 o..58820eoE-el e.&l$1207E+Oe 1.3743s27[-et

e.7373000[*oe 0.3,1_12000E-01 0.711OOOIE*IO 0.37_3527[-81
O.8_$2OOOE*O0 0.3482000[-01 0.8131227E*00 0.37_$$2TE-01

0.1471000[*0e |..5842000_001 0.8168436E*00 0,$745S27E001

e.o471000[*ee 0.3482000[-01 1.8168456[*00 o.3743527E-el

l.SS380eos*oe o.s042eeoE-ol 0.82534_6E*00 1.5745527E-01

0.8S77000['00 0.$882000E-01 O.827105SE*O0 0.5743S27[-01
O.8il&ooo£*eo e.3482OOOE*Ot O.4508663E*IO 0,57_$S27"('01

0.46SSOOOE*O0 O.'L'tO2900E-01 0.854&272[*00 I.$7&3S27E-01

I.gSO+O00[*IO 1.3842000E-OZ 0.1169610E*oe O.574552TE-01
0.10+0000[*0! I.S482OOO[*Ol O.lOO2+o2Eeel e.3743S27E*01
0.117_000E*0| 1._2008E-01 0.1156050E+01 1.5743S27E*01

ORIGINAL PAGE 19
POORQUALITY

/6v7

;: I i
+.



)_AT LIRAL _R[QU04_ :

StttJon

l

2
3

4

S
6

7

8
9

10

)!

12
]3

]4

1S
)6

]7

18
]9

2a
21

22

23
24

?_S

2_
27

28

2_
se

51

52

5S
34

3S

36
37

718.1 [-(2

............ |NPUT ................ D[A/4['TItAL MOR/4ALZZ3[O ........

Dlsplacemen_ $10_e DlsDLoeealeht SlOpe

-i.le00000[*0! 0.9161001[-01 -0.|415673[*01 0.129s066[*00
-o.84otooo[,e0 0.91&1001[-01 -O.124SSO_E*OL 0.1295066[*00

-4.4534000E*00 O.91t)OO][-O| *0.|206_I&[*0| 0._29S066[*00

-e.ess4000E.o0 0.1161001[-0] -I.120699q-_[*OL 0.|27S06k[*00
-e.81kS000[*00 0.11t)001E-Ol -o.llS4kOS[*0L 0.129S0k6[*00

-Q.&lk4000[*O0 0.1161001[*01 -0.11S4648[*01 0.12750k6[*00

-0.786S000['e0 0.t161001[-01 "0*llllSS_'J[*0! B.125S066['00

-e. TakSOOOE*eO O._)t]O01E-Ol *0.21116S_*01 0.129S06k[ _00
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*e. SO98000E-01 0.7175995[-01 *4.4579S&OE-O! 0.108S155E*00
0.7051559[*el O.SG61OOOE*II |.1007-577E*00 0.772001_d[-01

0.1851000[*e0 0._782000[*01 O.2k?S2S&[*O0 0.67k0|81[*01

0.189|000E*00 0.4782000[-0| 8.2kT$256E*oo O.k76018kE-01
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1 -0.1000000E-e! 0._847000E*00 -O.&O254SgIE*O0 0.3849180E _00
2 -§.3700000(-40 O._&7000(*O0 -4.2566859_g0 a.388_|80('00

3 -0.226S000E'40 0.G&_7000E*O0 -0.1817411E*00 0.5849140(*00
4 -0.2295000[*06 0.6447000[*00 -0.1817&11[*00 0.388_180E*00

S o0.5070060E.0! 0.68_7000E,00 -0-246355_'01 0..5885180E*00

6 -0.$070000(00| 0._867000E*00 *B.2_6353 _d[°01 0.5889180[*00
7 0,1292000_*00 0._8_7000[*00 0,|034686Eo00 0.5481181_*00

8 0.1292000E*00 0.6467000E+e0 0.103668&E*00 0.S849180E*00

0.219_000E'00 0.4467000E'00 0.1760_62E*08 0.384t100_*00

10 0.2)_O00E-O0 0.4847000E*O0 0.1760641E*00 0.3689180E+O0
ll O.2d_tO00[*O0 O._4&7OOOE*O0 0.200S170E*|0 0.3841180E*00

12 0.8227000(*00 0.68_7004E*00 0-&60125 r_O0 |.3885180(*00

13 0.8400000(*00 0.4847000[*00 0.706102_E*00 0.3889180[*00
|& t.8800000E*eO 0.64_7000E*00 0.7041024E*O0 4.3889180E'00

|S 0.1056000E*01 0._789000E*00 0.8_75226E*00 0.3a_2461_*00

l& 0.1288000E-01 0.4673000(*00 0.1055_77E_09 0.3S89086E _00
17 0.692SO00E*H 0.4675000E-00 O.SSSJS6_d[*00 0.$$89066E'00

18 |.S751000E*00 0.60]kO00E*O0 0._550691_'00 0.322255S _00
19 0.802S002E00_ 0.5_12000E*00 0.6_39173E-0! 0.27577S|E*00

20 00.2_7_00_*00 0.231_$00_*00 -0.1985110('00 0.16607_0E,00

21 -0.7042000Ee00 _.2102000E*00 -O.S&SO_2_E*eO 8.|686622_*00
22 -0.70_2000E-00 0.2102000E*00 o|.56S0_2_E_00 O.I&86422E*O8

25 -0.7_17000E*00 0.2070000E-00 -O.&SS2Sl_d[*O0 0.14609_SE*00

24 .0.7_17500E_00 0.2070000E,00 .0.635251_e00 OoIGJO_4SE*O0
2S -8.97_1000E*00 0.1840000E*00 -0.78Sk151E'06 0.1676556E*00

26 -0.1176000E*01 0.1012000E*00 -0.$4S2147Ee00 0.8120173E-01

27 08.1S4_000(*01 0.69S69_8E-01 -0.127_996E081 0.SS40414E-41

28 -0.1S15000(-01 0.$2S2000E-01 -0.121882&_*01 0.4214147E-01
29 -e.7_6soeoE-ee _.S2S20eOE-01 -e.St4_SS6E_O0 e.6214147E-01

$0 -e.s324000E*ee $.2s27000E001 -e.4271_15E*e0 0.2027_$7E-91

51 -0.2557000Ee00 0.1258000(o01 -0.2AS461&E*OO O.II41SO|(-O|
32 O.$O|SO00E-O0 -0.2592000(-01 0.241117_(*00 -0.191_$1S_-01

35 e.2816000E*00 -0.25_2000E-41 0.225_527E'00 -0.1919515E °O|
54 0.2816000E_00 -0.2S_2000(-0| 0.22._tS27E*00 -0.191551SE-0|

SS 0.2kS4000E*O0 -0.2592000E-01 0.21527S0(400 -0.1_i_51 cJ_-O!

54 4.1_37000E600 -0.25_2000E001 0.1554227['00 *O.l$1_51SE-O|
37 0.1_57000E*10 "0-2552000E°01 0.15S4227E*05 -0.191551S_-0|

3& $.1840000E*00 -0.2592000E°O| 0.14745_6E*00 00.1919515E-0i

39 0.1595000E*00 -9.2552008E'01 $.1278296_*98 -t.1519315E-01

69 |.1S95090E*00 -0.25_2000E°01 0.1278206E*80 -0.191931SE-01
61 9.14S8000(_90 09.2392000E001 0.116988SE*00 -9.191951SE-01

6Z e.14saeoo(-ee -e.2s9200OE-Ol 0.114984SE*o0 -9.191951s_-ol
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$4 -4.k269002f[-el 09.2592000E-01 -0.S850179E-01 -0.1919515(-41
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e. 171131 r-re(Jl O. $Sk2iSO[*Ol
0.0 I.O

I.I I.I
0._3|4_601 I. _71066_*12

0.0 e.O

{ 1|-8i1||21 |_)

tO 21.&75 l.I l.l i.l

41 22.2_1 0.1640000(*02 O.|41OllO|*lS 0.45478281[-01

12 22.299 I.I l.l l*l
45 22.513 o.$7oieoeE*e2 e.6SlOOlO_,O3 0.95910971[°01

44 22.817 i.i Iol i.i
4S 22.417 i.i i.i i.i

46 2S.515 I.S?ISOOO[*02 o.i37iell[*03 $.9821427[-01

47 28.261 o.s20q_e_.*o2 0.17s2000[-04 8.136723&£-00

41 28.541 8.0 |.O O.O
4_ 28.541 0.1242000_*1_ 0.2529080E'85 0.3214286E-8|

SI 28.$15 I._S03_OOE*O2 0._368_99E-15 0.&4777_-0|

SI 28.613 _ _*SOOIb_o02 0.16|1000[-05 O.&787784(-el
52 28,713 0.196eoo0(*02 0.11600oo(-05 0.S12_22-S_-01

55 28.815 0.21_0000_,02 1.160000|[*lS i. S51242_,_-01

$4 $1.015 e.217SOOOE*e2 e.270s000(-03 o.s628&ss_-oI
Ss 35.315 0._2_6001[*c2 I.gSsooooE*03 e.l_I64&e(*eo

56 3&.813 4.235395_E*02 i._TOlOOi[*02 0.60_2132E-01

e.8 e.o

0.9os2otR*oi 0.18061|1_*11
i,i I,i

0.1_47_'01 e. 3369666E-01

I.I l.I

I.I l.l
e. lisel I4E*I1 e.35oe297T,e1

O._;S34165E*e! e. 9e6_._E* e i

0.0 |.0
0.6ee414_lr*ee o. 120082f_*01

o. 1130693E*01 l. 22& |3871r*01
0.$64_069E*00 O. 7298134E-00

0.3002071[*00 0.6004] 42_*0e

$. 4140768E*IO 0.824157SE*00

i. ;O00SlqlE*OO O. |dlOOlO4E*Ol
O. 2427S36E*O! 0._SS072_*01

e. 9s7ss70E-e ! _. l_lS11'_tr*O0
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1
2

5
dl

S

6
7

S

g

li
11

12

lS

IS

16
17

18

19
20

21

22
23

24

2S
26

27

2a

29
SO

31
32

33

9S

16

57
$8

39

k_TtJRAL F_EQUE)d_: l_S.& KZ

............ IWPUT ................ gl_t"l'ltAL k_IU.U4LZ._rD ........

Ststlon DL$eLaolllent Slooe Dl|mlieeaen_ Slope

-0.1808a80[*0| Q.2$?0000E-gl *0.1|00$$7E'1! 8.2689247[-0!

-I.glg2000[*t0 0.2370000(-01 -0.10670_7[+0| a.260+26?E-0L

-I.1622090[+10 O.2$?000B(-II *O.IOSg5_0E*01 D.2607267E*02
-I.S&22000E*00 0.2378080E-0Z *D.|0SSS&eE*a| G.2609267E-02

-i. SS2iO00[*lO Q.2970009[-0| -0.)0_877]E*1| 8.2&09267[-0!
-0.9526000[*00 0.2370000E-01 *0.|0_771[*01 0.2409247E-01

-0.9444000E*00 0.2370080[*0| -0.10_018_[*0! 0.2409267(-0Z

-i.9644000[*00 0.2_70000(-01 -0.20_018_[*02 0.26092671[-0|
-I.g40_O00(*OO 0.2970008[-;| -4.103S35g['0| 0.260_267E °01

-I.140_000['00 0.25700004[-0| -O.I09SSSS[*Ol O.2&Og267[-01

*S.SS89000E*00 0,2970000[*0| -0,1095448[*01 0,2k09297E*01
*i.9)09090E-00 0.2970000E-0| *0.|002861E*01 1.2409267(-4|

-I.S08]000[-00 0.2970000[-01 -0.9_7710[*00 0.2_0_2k7[-01
-I.S08|IO0[*_O 0.2370000[*01 -l._97710[*00 6.2&0_247[-01

-i.8_kOOOOE*O0 6.2371000E-01 -0._864974[*00 0.2_096_[-01

*1.8742000[*00 $.2372000[-0| -O.SS_S&_E*O$ 0.2k11_69[-0|

-0.8S$9000[*00 0.2372000E*0| -0.9440525E*|0 0.2611_69[-0|
-0.8597000[*00 0.2970000[-01 -0._2_79S['00 0.260_267[-0|

*0.406|000E*00 0.2994000(-01 -0.847_81"_r*00 O.3-S_40SSE'O!

-0.;863000['00 0.29_6000[-61 -e.s&SSa2_E*o0 |.2949616[-OI
-0,7603000[*00 0.25000001oll *6.&STOS7SE*O0 0.2_32201[*01

-0.7609000[*00 8.2300000(-01 -6.4570S79E*00 1.2_32201[-01

*0.TSSSOOOEtO0 0,22_6000[-01 -0.8916628(*00 0.29277_7[-01
-e.Tss_oooE*0O 0.22_6000[-el *0.831669Ju_*00 0.2527?97[-01

-0.7539000[-00 8.2277000[-01 -I.807991kE*iO 0.290447_[-81

*e.71_8000(*00 0.2101000[-01 -O.786_S&0E*H 0.2401187[*01
-O.6839000E*OO k.212S000E*01 -4.7S25040E*00 0.2599935E-01

-i.66SO000E*O0 0.2086000[-01 -0.7921564E*00 0.2256596[-01

-0.6646000[*00 i.2086008E*01 -0.70_6767[*08 0.22_$S96[-0|
-0.6322000[*00 O.203&0$0E-O! *l.6SSl2S0[÷ii 0.2239946[-0|

-I.&2OSOOOE*OI 0.2842000[-0! -O.&SS67_IE*OI Q.221512S[-01

-O.S925000E*OO 0.19SZOOO[*01 *O.&S2316SE*IO 0.2147167[*01
-0.S770000[*00 O._gSIOOOE-Oi -0.6992921[.00 0.2147_67[-01

-0.5770000[-00 0.1_S|OOOE-01 -0.69S2921E*00 0.2147967[-01

-8.S6_1000E*00 0.1_S1000E-01 -0.6210698E*00 0.2147_67E*01
-O.SOS$O00[*O0 0.19S1000E*01 -O.SS69199E*eO 0.2167_67E-01

-e.50SSOOO[*O0 0.1951000[-01 *0.SS6919_*00 8.2147_67E-81

-0.497S000[*00 0.1_51000[-01 -0.5677260£*00 0.21_7_7E-01

-0.6773000[-00 8.19S1000_-01 -0.$2S_467E.00 0.21_7967E-01

48

61

62
65

6S
66

47

49

SO

Sl
S2

SS

S_
SS

$6

-0.6779000E*00 0.19S1800[-01 -0.S254467[*$6 0.214?9_7E-01
*l.4663000[*eO 8.19S1000[-01 -$.5193762_*00 0.2147967E*01

-4.4663000[*00 O.19S1800E*01 -0.S|33762£'04 0.2147_67E*41

*8.4621000[*80 0.1951000[-01 -609047522_*00 8.2147_67E-61
-4.4S46000[*00 0.19S4800E-01 *l.S||49SO[*OI 1.2147_67E-41

-e.4s_sooo[*eo 8.19s1004[-0! -i.soo4_so[*lo 0.21479671[-01

-0.4036000[*00 0.19SlOOeE-01 -0.6443461[*00 0.2147967[-01
*e.ss030eoE*ee 0.1_61800E-81 *0.gOSJSS2_*Oe 0.2147567E001

-6.3484000E*00 e.lSSlO|iE-el *e._4SS7S_d[*ee 0.2147_67E-e|

-0.5_44600['00 |.19S! OiOE*il -6.5499754('00 0.2147967[-41

-1.$4S8000['10 0.1_SlOOiE-81 -0.9718501[*01 0.2147_671[*01
-e. S431000E*iO 0.1151080E-01 °0.$777343E*00 0.2147967(-41

-e.s4]IoooE.ee 8.19S1000E-81 -I.S7SSS6SEeO0 0.2147_67[*01
-e.$s_2eooE*ee e.]_sleeoE-el -0.5754446[.0| e.2147967(-01

-1.296S000[-00 O.]ISIO00Eoel -0.9242195['00 0.2147947[-01

-0.2914800E*00 0.19S1000[-01 -0.274780S[*00 0.21479671[-01
-e.1451088E*O0 O.19SlOOOE-01 -0.2015492E*00 0.Z147967[-61
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!

2
$
4

S
(i

7
8

I

10

11
12

Z5

1S
16

17
18

2O

21

?,2
23

2_

2.S
2_

27

2t

3O

31

52
33

5S

57
54

59

kl&Tt_AL IrREQLIDd_Y: 279.S H2

............ INPUT ............... DI AJqI_r_AL k_R(,tAL ZZT._ ........

Still:Ion Dlsml|oogoht Slope DIID_. gOeleent Slooe

oO.IO00000[*ll $.6976002_-01 *0.1e_051[*01 e.7SIIO&_E-|I
-O.909SOOQE*O0 $.6974eo_r*o! -O.SS2976_E*IO 0.751]0_-_-01

-e.888700OE*O0 B.J9760021[oOt -0.9513850E-0| Q.TS)]O6_J_-01

00.8887000E÷00 O.J97kOO2E-01 08._313850E eO0 0.75_]0k_-01
.0.860S000(_O0 0.6976002E-e! -0.901830SE*00 a.7S1)0641[-01

-e.4kosoeoE*eo e.6976002_-01 -e.$0163es[*oo _.731106_d[-01

-4.&574000E*O0 0.6976002E-0! -O.877k211E*O0 4.7511066E-01
00,4574000Ee00 0.k976002E-01 -0.8776211E*00 0.731106_E-01

-0.82_S000E_00 O.i9760021[-el -0.864|01d_*00 0.75110J_E'01

00.82_000E_00 O.&97&oo2E-Oi -8.86_101_E'40 0.731106_E-01

-0.8201000E'04 0.6976002E'01 -O.JS94_OLE*eO 0.T5110&4EoO!
-O.7$7&OOOE*_O 0._57t002('01 00.773027SE*00 e.7311e_E-el

-0.72_e00(*00 O.t_76eO2E°O! -0.Tk_337E*04 |.75110kd_-e!

*0.725_000[*00 O.&_TtOO2E-O! -0.76_337E*00 0.7311064E-41
00.6533000E*00 O.&_7_BOOE-01 -0.726S998_-40 0.7508_kk(°01

-0.63_lO00EeOe O.iSSStSSE-01 -0.66_SSk_d[*o0 O.72_OIOIE-O!

-0.$786000E*00 1.6_SS$gqE-O! -8.6065906(*00 8.72_0101[-01
-0.S1_2000(*00 O.i_O&OO_JE-01 *0.S_1376(*0e 0.72377 O_ur*01

*e._17seoo(*oo O._712SI4E-01 *O.&S7SS2_(_OO 6.7115268EoO!
*e.SSgSO00[*O0 i.6490_I_E-01 *|.5757670[*00 1.64027_SE-O!

-0.28440e0(,00 O.J$15911E*01 -0.2580S_9_*00 0.&701106[*01

-0.284_000E_00 0.65_S_E-01 -O.2_8|S99E _00 $.6701106EoOL
*l.2702000E*eo 0.J$71000[-01 oe.2831779[*00 0.&67_100£-01

-e.2702000_*ee o.&$7$00oE-el *0.285177_E*eo e.s&7s|ooE-el

-8.20&oeoo(*oo e.62JO$_TE-01 -0.21575e _ur*O0 O.SS&ITL_E-01
-0.1498000_e00 O.572kOOOE-01 -O.1S&_SOE'O0 0.600102_E-01

-0.S9_2000(-01 O.S&2SOOOE'01 -4.&2_rdSSkOE-o| O.SkASS&T(-O)

-B.t_SS_nE-O2 e.S218O00E-01 -e.10_6S6_E'01 O.$6&a_2S_-OI
S.4S&2OOOE-01 O.$2180eOE °41 O.&781117E-01 O.S_kOk2S(-01

0.77S05_E-01 0.4_6S000E-01 O.8131&6SE-81 0.$205_73E o01

0.1067000_*00 0.¢,&$9000(-01 0.1118249E_00 t.SO$2382E-$1

e.177_OOOE*O0 0._$74000E-01 0.1861503E*0| 0.6795k$ _r-01
|.2158000E-00 8._S760e0(-01 0.22_Ok$OE*O0 O.&715_5E °el

e.21.58000_*00 O._S7_OOOE-01 0.2240t_0(-00 O.&7$SttSE-01

e.2440OOOE'O0 O.&S740$OE-O| 0.2SS719SE*80 0.47_5695(-61
O.3818000E-O0 O.6S7&OOOE-Ol 0.4001S&IE*O0 Oo_7tS_SE-01

4.3414010E*00 e._s7_ooeE-01 |._OO13_lE*OO 4._795695E001
o.&oo$0ooEeoe e.4s7400oE-01 o.41ts268E*eo 0.47_$s_s_-el

O._&TSOOOE*OO $.4._740ooE001 O.&k&9$SSE*00 O.&7_$Sgu'-|l

40

41

42
45

64

45
&6

47

44
4_

se

$1
$2

$3

S4
Ss

$6

O.447SOOOE*OO 0.4_74000E-01 $.4_89_Ssf[eeo 0.4795695E001

0.475SOOOE-eo 0._S76000E-01 O.4$&2_2JE*ot 6._7t5_ °01

0.4755000_-e0 O._L_7400eE-OI 0._96242tE_00 O.47956_SE-OI
8.dlS_OOOE*eO 0.6S74000E-01 0.S06S132E_00 O._79S6_eJroel

0.$088000_*00 0.4S74OOOEoOL 0.$2_$38E900 e.47_stg_rotl

e.selseooE*eo e.ts74000[-01 o.s2_ssssE*ee e._795_s3_-01
8.6205000[*00 0.4s74000_-01 e.6SoSOSlEeOO 0.479365sE-01

0.7452000E_00 o._ST&oooE-01 0.780992kE-00 $.47_Sk93_-01
o.76_eeooE*eo 0.4s74000(-01 O.78S813SEeoo O.47_3_93E-OL

0.74_seooE_oo 0.4574000(-01 0.78s81ssE_00 _.479569s_-01

0.7577000E_|0 e._sT_eee_-eL 0.7_0_30(-00 8.47_36_3E-01

_.7&25000E*oe I._S74000Eoe| 0.7989159_ee e.47_36_3_-01

e.76_aoeo[*oo O._S7_OOOE-O! o.805_soo(*ee e._7936gsE-01
0.771_000E*00 O._7400oE-et e.4084so_(*oe 0._7_369_E-01

o.872eoooE*ee o._s74oeoE-ol O._L3602_E_OO 0.47_56_3_-el
0.9772000E_00 O._S74000E-O! 0.1024136E-01 0.47_36_3E-01

t.lls7000_*el e._s76eooE-el 0.1191_|0(-el e._7_$6_sE-01
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I

2

S

S
k

7

6
9

10

11
12

15

IS

16

17
18

I _)

2O
21

22
25

24

ZS
2t

27

28
2_

30

51
12

53

54
U

S6

S7
38

59

WAT_L Fll(O t._aCV : kg4.0

............ I_PUT ............... 91A)LrTRAL 140_J4Ak I ZE_ .......

Stltiofl DIIp ilooalhl[ $10pa DlsDia¢emen_ SlOPe

-O.lO00OOO[*O1 O.AS&4998E-O1 -0,148268_[*01 0.1310906E*00
-4.4847000(*00 O.88&8998E-01 -O.I$11i4SE*OI 0.1314906E*00

-e.4s4_ooo[,ea a.8460999[-01 -0.12726S3[*91 0.131_906[*00
-e.sS4_OOOE*Oo O.4,S68_eE-01 -0.12726S5E.0! O.131_o&[*o0

.a.8224000(*00 a.8aidS_9_[-01 -0.121067_E*01 0.1614906E*00

00.8226000[*00 0.8464018E-01 00,1219676[*01 0,131_06[*00
-0.7953000E*00 0.8468_98E-01 -O.llT&16&[,01 0.131_90&[*00

-O.;tS5000E'Ol 0,L868098[-01 -0.1176156[*0| 0.131490&[*00

.4.7769000E*00 0,84&SttSE*01 -0.1161822[*0! 0.13|4906E*00
-e.77990OOE*eo 0.88k8098E-01 -0.1151822E*0| O,l$1tgOt[*O0

-0.7715000E*00 0.auL68996(*01 -0.114361_E*0! 0.131_906[*00

04.$466000E*00 0.8868918E-0] -4,_87_5[*00 O.I$I_O_E*O0
-e.&S60000[*O0 O.&Sk895_E-O! -0._72_776[*00 0.161_906E*00

-O,&S6OOOOE*O0 0.8868_98E-4! -0.172_77_E*00 O,131490&(*O0
-0.6056000_*00 0.&84_0015-01 -0.8_44500['00 0.1S116_2[*00

-0.S153000E*08 0.06_2002_-01 *O.T&31774E*oo 0.1288666[.00

-o,$&40000E*00 0.8_2002E-01 -0.5455922E*00 O.1284666E*O0
-0.260&OOOE*00 0.4509001E-01 -0.3463625E*00 0.12514_S2E*00

-0.673_002_-01 0.74_$001[-01 -0.9991137E-01 O.lllO_eSE*oo

0.3172000[-01 0.S_26000(-01 0.4702764_-01 0,88_$17[-01
0.147S000[*00 O.&786000E-01 0.2103862_*00 0.70_8627[-01

0.1476000E*00 0.&788400[-01 0,2185852E*00 0.7094427E001
0.1686000['00 0.4&SkOOOE-O1 0.24_,646E*00 0.6902627E-01

0.1684000[*00 0.46S6000[-01 0.2499646E'00 0.6902927E-01

0._1000E*00 0.5970004[-01 0.3441_S[*80 0.S48587¢d_-01

0.3234000E.00 0.8067999[*02 9.(80061fE-00 0.1191704E00!
0.4090000E*00 -0.91S3999_-02 0.6072680E*00 -0.1557161£-0]

0.4314000E*00 -0.2042490(-01 0.6396444E*00 -0.$02744_i[-01

$.4832000[*08 -0.20_2000E-01 0.7166864E*00 -4.5027444E-01
0.4461000(-00 -0.5268000E-01 0.7206440E*00 -4.4_9674E-91

0.4492000_*00 -0.3811000[-01 0.72_281tE_00 -0.$650142[-01

0.4856000[*00 -0.$140009(-01 0.71_5546_*06 -0.7k204_6E-01
0.462600OE*O0 -0.6140000E001 0.6161954[*00 *0.7620696E-01

0.6426000E*00 -0.6140008(-61 0.66_196(_*00 -0.76204961001

0.40870008*00 -0.6140000(-01 9.60S9534[-00 -0.7920496E-01
0.?-$5_000E-00 -6.6140000E-01 8.3762807['90 -0.7620496(-01

8.2668000E'00 00.S140040[001 0.$762807[*00 -0.7620496[-01

0.2351000E'00 -0.S140000[-01 0.3455912[*00 -9.7620496(°01
0.1600000[*00 -0.6140000[*01 0.26486M('90 -0.7626496E-61

4O

41

42
4S

64

46
46

_7

64
49

S8

61

S2
53

S_
SS

66

i.160iO|O(*l| -O.Sl_eeeo(-01 0.2668664_*oo -9.762o4_6[-o|
o.lsoeoeo_*eo -0.s1400o0E-01 0.223s742E*00 00.76204_6[-0|

0.1608000('40 -9.S140000[*0! 0.2265762E*00 -0.7620496[-8|
9.1690009(-00 -0.6140000[-01 0.2072664E'00 -0.7620496[o01

6.1201000(*09 -i.s]4eeeo[*01 0.1780644E*00 -0.76204_6E-8!

6.1201900E*00 -0.6140080E-01 e.1760s886*00 -0.7620496E-01

-e.1449980[001 -O.6148000Eo01 -0.215_927E*01 -0.7620496E-el
-6.166640_00 -0.6140000(-0_ -4.2292081[*00 -o.7620496[-el

*e,ls97000(*ee -0.614OlOOE-o2 -0.2367692E*oo -0.7620496E-01

-e.15970oo_*00 -o.sl4eeoeE*el -4.2A67692._*09 -o.762o496[-ol
*6.11_l_eo[*oo *e.Sl40000E-01 -0.24996451[*ee -0o76294_6E-01

• * t?S7OO_ O0 -0.S140000E-01 -6._76254E*00 -0.7620456[-01

00._789000_'40 -0.S140000E-01 -6.2662549E'00 -0.7620496E-01
04.1666000['99 -9.S140000E-01 -0.27279_21[*@0 -9.7620406[-01

00.2971000E'00 *O.Sl60000E-el *9,44047&SE*O0 -0.7920496E-01

-0.4113000(*e0 -e.6140000E-01 -e.61s7187E*00 -0,7620496E-01
-_.S952000('00 -0.614o00o[001 -0.84245621[*00 *0.7_20494£-41
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1

2
3

4

S
6

7

8
,p

10

11

12

13
14

IS
16

17
18

19

21
21

22

25
24

25
26

27

2S

:'9
SO

$1

53

34

3S
36

57
56

S9

N,kTL_AL FI_EQt.Ek_: 1|96.5 _Z

............ INPUT ............... D;N_'TItAL k_W4ALIZE_ .......

$_otlon DlsIlsceaeht SloPe Dlslloctuent $1ope

-0.1000000E'41 0.2192000[*00 -0.1257117E*01 0.2777S19_*00
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Figure 82. Housing Bounce, Forward Whirl at 65% (X-Z Plane)
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o

Figure 83. Housing Bounce, Backward Whirl at 65% (X-Z Plans)
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Figure 84. Housing Pitch, Forward Whirl at 65% (X-Z Plane)

S0.

Figure 85. Housing Pitch, Backward Whirl at 65% (X.Z Plane)

_G.
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Figure 86. Rotor Pump Bounce, Forward Whirl at 65% (X-Z Plane)

/-
i

Figure 87. Rotor Pump Bounce, Backwerd Whirl at 66% (X-Z Plane)

56.
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Figure 88. Rotor Turbine Bounce, Forward Whirl at 6S% (X-Z Plane)

56.

Figure 89. Rotor Turbine Bounce, Backward Whirl at 65% (X.Z Plane)

56,
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Figure 90. Housing lift: Bending, Forward Whirl at 65% (X-Z Plane)

Figure 91. Housing lint Banding, Backward Whirl at 65% (X.Z Plane)
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Figure 92. Rotor 1st Bending, Forward Whirl et 65% (X-Z Plane)

--" •

Figure 93. Rotor 1st Bending, Backward Whirl at 65% (X-Z Plane)

56.
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Figure g4. Housing Bounce, Forward Whirl at go% (X-Z Plane)

-,....-

.

Figure aS. Housing Bounce, Backward Whirl at 90% (X-Z Plane)
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Flgurt 96. Housing Pitch, Forward Whirl at 90% (X-Z Plane)

Figure 97. Housing Pltch, Backward Whirl at 90% (X-Z Plans)

S6.
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Figure 98. Rotor Pump Bounct, Forward Whirl at 90% (X-Z Plane)

ES.

Figure 99. Rotor Pump Bounce, Backward Whirl at 90% (X-Z Plane)

J_
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Figure 100. Rotor Turbine Bounce, Forward Whirl st 90% (X-Z Plane)

56.
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Figure 101. Rotor Turbine Bounce, Backward Whirl at 90% (X-Z Plane)

56.
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Figure 102. Housing 1st Bending, Forwmrd Whirl st 90% (X.Z Fimne)

-,.,...,-

Figure 103. Housing lit Bending, Backward Whirl at gO% (X-Z Plane)
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Figure 104. Rotor lit Bending, Forward Whirl at 90% (X.Z Plane)

_ °

Figure 10S. Rotor 1st Bending, Backward Whirl at 90% (X-Z Plane)

56.
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Ftgurw 106. Housing Bounce, Forward Whirl at 109% (X-Z Plane)

Figure 107. Houming Bounce, Backward Whirl at 109% (X-Z Plans)
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Figure 100. Housing Pitch, Forward Whirl st 10g% (X-Z Plene)

i

Figure 109. Housing Pitch, Backwsrd Whirl at 109% (X-Z Ptsne)

$6.
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Figure 110. Rotor Pump Bounce. Forward Whirl at 109% (X-Z Plene)

V Figure 111. Rotor Pump Bounce. Backward Whirl at 109% (X.Z Plsne)

56.
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Figure 112. Rotor Turbine Bounce, Forward Whirl st 109% (X.Z Plane)

$6.
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Figure 113. Rotor Turbine Bounce, Backward Whirl at 10@% (X-Z Piano)

56.
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Figure 114. Housing 1st Bending, Forward Whirl at 109% (X-Z Plane)

°

Figure 115. Housing 1st Bending, Backward Whirl at 109% (X-Z Plane)
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Figure 116. Rotor 1st Bending, Forward Whirl at 109% (X-Z Plane)

, I \

Figure 117. Rotor 1st Banding, Backward Whirl at 109% (X.Z Plane)

==.
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Figure 118. Housing Bounce, Forward Whirl st 65% (Y-Z Plane)

,

Figure 119. Houling Bounce, Backward Whirl st 65% (Y.Z Plane)

D_
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Flgure 120. Housing Pitch, Forward Whirl at 65% (Y-Z Plane)

56.

Figure 121. Housing Pitch. Backward Whirl at 65% (Y-Z Plane)

56.
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/

Figure. 122. Rotor Pump Bounce, Forward Whirl at 115% (Y-Z Plane)

$6.
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Figure 123. Rotor Pump Bounce, Backward Whirl at 65% (Y-Z Plane)

$6.
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Figure 124. Rotor Turbine Bounce, Forward Whirl at 65% (Y-Z Plane)

S6.
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Figure 125. Rotor Turbine Bounce, Backward Whirl at 85% (Y-Z Plane)
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Figure 12@. Housing 1st Bending, Forward Whirl at 66% (Y-Z Plane)

s

SS.

Figure 127. Housing 1st Bonding, Backward Whirl at 65% (Y-Z Plane)
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Figure 128. Rotor 1st Bending, Forwerd Whirl st 65% (Y-Z Plane)

Figure 129. Rotor 1st Bending, Backward Whirl at 65% (Y-Z Plane)

52.
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Figure 130. Housing Bounce, Forward Whirl at g0% (Y-Z Plane)

_ •

.

Figure 131. Housing Bounce, Backward Whirl at 90% (Y-Z Plane)

_L,, •
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Figure 132. Housing Pitch, Forward Whirl at g0% (Y-Z PIsno)

5r_.

Figure 133. Housing Pitch, Backward Whirl st g0% (Y-Z Plane)

56.
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Figure 134. Rotor Pump Bounce, Forward Whirl at 90% (Y-Z Plane)
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Figure 13S. Rotor Pump Bounce, Beckwerd Whirl at g0% (Y-Z Plane)

SS.
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Figure 13(i. Rotor Turbine Bounce, Forward Whirl at 90% (Y-Z Plane)

°

/
//

Figure 137. Rotor Turbine Bounce, Backward Whirl at 90% (Y-Z Plane)

S6.
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Figure 138. Housing 1st Bending, Forward Whirl at 90% (Y-Z Plane)

Figure 139. Houaing 1st Bending, Backward Whirl at 90% (Y-Z Plane)
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\

Figure 140. Rotor 1st Bending, Forward Whirl at 90% (Y-Z Plane)

Figure 141. Rotor 1st Banding, Backward whirl at 90% (Y-Z Plane)

__ °
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Figure 142. Houeing Bounce, Forward Whirl at 109% (Y-Z Plane)

S6.

O .

Figure 143. Housing Bounce, Backward Whirl st 109% (Y-Z Plane)

aS.
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Figure 144. Housing Pitch, Forward Whirl st 109% (Y-Z Plane)

Figure 145. Housing Pitch. Backward Whirl at 10g% (¥-Z Plans)

56.
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Figure 146. Rotor Pump Bounce, Forward Whirl at 109% (Y-Z Plane)

Figure 147. Rotor Pump Bounce, Bacinverd Whirl st 109% (Y-Z Plane)

56.
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Figure 148. Rotor Turbine Bounce, Forward Whirl at 109% (Y-Z Plane)

55.

Figure 149. Rotor Turbine Bounce, Backward Whirl tit 10@% (Y-Z Plane)

56.
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Figure 150. Houaing 1st Bending, Forward Whirl at 109% (Y-Z Plane)

.:5.

Figure 151. Housing 1st Bending, Backward Whirl at 109% (Y.Z Plane)

55.
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Figure 152. Rotor let Bending, Forward Whirl at 109% (Y-Z Plane)

56.

\

• Figure 153. Rotor 1st Bending, Backward Whirl at 10g% (Y-Z Plane)
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A_p_ndix F. Linear Speed Transient Forced Response
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